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poly conic. The meridians are straight lines; the parallels are circles. 
The map has been designed to lessen and distribute the scale errors 
inherent in an unmodified polyconic. Each map has two standard 
meridians 2^ on each side of the center instead of the one central 
meridian of the ordinary polyconic. Any sheet fits its four neighbor- 
ing sheets exactly along its margins. 

6. The National Greographic Society and the American Geographical 
Society publish and distribute maps of all sections of the world. These 
maps are not designed specifically for navigation but are adaptable 
for use. 

131. Finding coordinates. — The coordinates of points of depar- 
ture, destination, turning points, and other physical features of inter- 
est to the navigator are usually picked directly from the latitude and 
longitude scales of available charts. Often, however, these points 
are not printed on the chart, or if printed thereon the chart may not 
be of sufficiently large and convenient scale to give the coordinates of 
the features to the degree of accuracy required. Under these condi- 
tions, the exact coordinates may be extracted from available publica- 
tions. The exact coordinates by latitude and longitude of various 
points of the world are listed in many of the publications already 
I'eferred to in this section. 



132. Definitions. — a. Instruments. — ^Instruments are those devices 
which may be considered as being permanently installed in the air- 
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plane. Although the navigator has occasion to refer to all of the 
flight instruments installed in the airplane, his primary concern is with 
the following flight and navigation instruments ; 

Aperiodic compass. 

Altimeter. 

Air speed meter. ' 
Thermometer. 

Drift meter. ! 
Pelorus. 



&. Equipment, — -The portable tools, such as drafting implements, 
computation tables, and charts, are considered equipment. 

133. Instrument responsibility. — The navigator is responsible 
for knowing — 

a. How to use indications of various instruments. 

&. That instruments are functioning properly, 

c. That instruments are properly alined and calibrated. 

134. Aperiodic compass (fig. 72). — a. Types. — The precision 
navigator requires a compass that is steady but not sluggish. Tliese 
requirements are fulfilled by the aperiodic type compass. Aperiodic 
means "without a period." When the needle is deflected from its posi- 
tion of equilibrium it returns to rest without appreciable overswing. 




PiGURK 12. — Aperiodic compMss, 
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This is accomplished by the construction of radial arms or vanes 
attached to the card. They serve to break down skin friction between 
the liquid and the bowl and tend to prevent swirling of the liquid. 
The oscillation of the needle is thus dampened. Several variations of 
this type compass are in existence; some are vertically mounted and 
read horizontally, others are horizontally mounted and read vertically. 
All Air Corps models in current use are of the latter type. They are 
the D series compasses designed especially for the precision navigator, 
designated : D-4, D-7, D-12, D-13. Both the D-i and the D-12 have 
1° graduations on the azimuth ring. The D-7 and D-13 have 2° 
graduations on the ring and are smaller in size than the D-4 and D-12. 

6. Setting and reading. — (1) When to read. — The compass should 
be read only when the airplane is in level flight and when the needle 
is at rest. 

(2) Position of eye. — ^In order to avoid parallax when reading or 
setting the compass, the eye must be directly above the face of the 
compass. When observing the lubber lines, the eye must be in such 
a position that the lower lubber line coincides with the upper lubber 
line. 

(3) How to put airplane on course. — ^First, set compass by rotat- 
ing azimuth ring until desired heading is set directly on lubber line. 
Clamp locking screws. Recheck azimuth ring to be certain that no 
movement of ring occurred in clamping. Put airplane on the on- 
course heading by turning airplane with compass bowl about needle 
until north (arrowhead) end of needle points to N on azimuth ring. 
Continue to adjust heading of airplane until two parallel sighting 
wires are exactly parallel to needle. The airplane is now on course. 

(4) How to determirie compass heading of airplane. — The needle 
must be at rest. Rotate azimuth ring until N on azimuth ring is in 
juxtaposition to north end of needle. The parallel sighting wires 
must be made to parallel the needle. Clamp locking screws and 
recheck parallelity. Read compass heading from azimuth ring at 
lubber line. 

(5) Rotary howl.—^om^ aperiodic compasses have the bowl shock 
mounted on the base to reduce vibration of the mechanism. In this 
type, the bowl is not rigidly mounted to the base but can be moved 
within limits, in a rotary manner. Each side of the bowl has an 
arrow-like pointer attached which projects laterally out over the base. 
The base has a lateral mark under each pointer. The pointer must 
be kept in coincidence with the mark whenever the compass is being 
read. 
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135. Relationship between temperature, pressure, and den 
sity. — Both the sensitive altimeter and the air speed indicator ar 
pressure recording instruments. In order to understand how thes 
instruments are used and the meaning of their indications, it is firs 
necessary to be familiar with certain features of the atmosphere. 

(ju Atmosphere is the gaseous layer that envelops the earth. Thi 
layer of air is prevented from expanding infinitely into space by th 
force of gravity which tends to accumulate all of it at the surface of tl 
earth. Equilibrium is established in accordance with the followin 
law: for each increase in height of 18,000 feet above sea level, tl 
density of the atmosphere decreases by about one-half. This equilil 
rium is disturbed by movement of pressure areas, unequal heating c 
the atmosphere, and circulation of the atmosphere about the eartl 
so that the density at any given place is a constantly changin 
quantity. 

&. The weight of the atmosphere exerts a force on the earth's surfac 
which is called atmospheric pressure. It can be shown that this prej 
sure on any given surface is equal to the weight of the column of ai 
above that surface. Therefore, atmospheric pressure varies with th 
density and the height of the column of air above the point at which i 
is measured. It is obvious that this pressure must decrease as th 
point at which it is measured increases in height above the earth' 
surface, since density decreases with height, and also the weight o 
the column of air above the point where it is measured is diminished b 
the weight of the column of air below this point. Atmospheric pre? 
sure is measured by a barometer and usually is expressed in inches o 
millimeters of mercury. 

c. The temperature is also a constantly changing quantity due t 
unequal heating and circulation of the atmosphere. Changes in tem 
perature aflfect the density and pressure according to the laws of gaseJ 
The rate of change of temperature with height is defined as the laps 
rate. Ordinarily, there is an irregular variation in the first few thou 
sand feet, above which the temperature decreases with height at th 
rate of approximately 2° C. per 1,000 feet. 

Thus it is seen that the three quantities, density, pressure, aiM 
temperature, are all constantly changing values, none of which ii 
entirely dependent on the others, yet each of them is affected by vari 
ations in the values of the others. Therefore the atmospheric condi 
tions at a given place at a given time as recorded by measuring thes< 
values would have little meaning unless there were available sonw 
standard basis for comparison. Furthermore, these values could nol 
be compared relatively with readings made at a place of different 
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elevation unless both sets of values could be compared to a standard. 
Such a standard has been arbitrarily selected and is known as the 
standard atmosphere. The standard atmosphere is that atmospheric 
condition in which a pressure of 29.92 inches and a temperature of 
+ 16^ C. exists at sea level, and the temperature lapse rate is 2^ 
C/1,000 feet. 

e. In the standard atmosphere there is a definite relation between 
pressure and elevation, and from this relation pressure at any height 
may be converted into elevation above sea level. Unfortunately, how- 
ever, the conditions of the standard atmosphere seldom exist. The 
relation between pressure and elevation under existing conditions 
changes from the value of this relation in the standard atmosphere 
as the values of the existing pressure, temperature, and lapse rate 
depart from their values in the standard atmosphere. Under exist- 
ing conditions, to convert pressure into elevation above sea level a 
correction must be applied to the value of the elevation found from 
the standard pressure height relation. This correction depends on 
the variation of the existing values of pressure, temperature, and 
lapse rate from their values in the standard atmosphere. It is usu- 
ally determined by a computer which uses as arguments the mean 
pressure and temperature of the air column below the point of 
observation. 

136. Sensitive altimeter. — a. General. — (1) This instrument is 
an aneroid cell connected by linkage to pointers on a scale. Atmos- 
pheric pressure acting upon the cell causes the pointers to move on 
the face of the scale. The linkage is so set that pressure is con- 
verted into feet of altitude on the scale, in conformity with the 
conversion scale of pressure and elevation in the standard atmos- 
phere. The linkage makes the proper conversion only when the tem- 
perature lapse rate is normal. For any other condition, indications 
of the instrument must be corrected for the departure of the lapse 
rate from normal. 

(2) In flight it is seldom possible for the navigator to measure the 
mean temperature and the mean pressure. He can record the tem- 
perature and the pressure at the elevation of his instruments and 
assume these quantities to be proportionately representative of the 
mean value. This is sufficiently accurate for practical navigation. 

&. To read pressure from cUtiraeter. — Set the indices to zero or 
the barometric scale to 29.92 inches. The instrument is now a con- 
version medium equivalent to the pressure altitude conversion table 
and indicates the pressure of the atmosphere in feet of altitude at the 
elevation of the instrument. This figure is called pressure altitude. 
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For precision navigation purposes it is used with temperature in aii 
speed calculations* When set in this manner the altimeter does not 
indicate elevation except in a standard atmosphere. 

0. To read altitude (elevation) from altimeter. — A dock that is 
wound but not set will indicate the lapse of time but it will not tell 
time. So an altimeter will indicate change in altitude but before it 
can indicate elevation it must be set so that existing pressure condi- 
tions are referred to the datum of the standard atmosphere. The 
datum is sea level, and the pressure conditions must necessarily be 
those that exist at sea level. For places of an elevation not sea level 
sea level pressure is calculated as a theoretical pressure. The actual 
pressure for any elevation, reduced to what it would theoretically be at 
sea level under normal temperature conditions, is called altimetei 
setting. Altimeter setting is expressed as pressure in inches of mer- 
cury. When the barometric scale on the altimeter is set to the alti- 
meter setting, then actual pressure conditions are referred to the datum* 
Now the pointers of the altimeter indicate altitude (elevation) above 
sea level, provided temperature conditions are normal. This reading 
is known as indicated altitude. Mechanical errors in the instnunent 
itself sometimes make it necessary to calibrate the instrument. These 
errors are usually small. After they have been applied to indicated 
altitude, the result is called calibrated altitude. Calibrated altitude 
must be combined with the air temperature at which the indicated alti- 
tude was recorded to determine true altitude above sea level (see par. 
145c). In precision navigation true altitude is needed to find absolute 
altitude. Absolute altitude is the true height above the earth's surface 
and is found by properly combining the true altitude of the airplane 
with the altitude of the surface over which the plane is flying. Abso- 
lute altitude is used when determining ground speed by timing. 

137. Air speed meter. — a. Indicated air speed. — ^This instrument 
also contains an aneroid cell connected by linkage to a pointer on a 
scale. Atmospheric pressure is conducted by a static tube to the space 
in the instrument case around the cell. Dynamic pressure resulting 
from the forward speed of the airplane is conducted by the pitot tube 
to the interior of the cell. This pressure overcomes the static pressure, 
actuates the linkage, and causes the pointer to indicate the pressure 
differential in units of miles per hour. The linkage is designed so 
that indications are true only when the density of the air is equal to 
the sea level density of air in the standard atmosphere. Conditions at 
flight level are frequently other than these. Therefore, the indicator 
will seldom indicate true air speed. The figure it does indicate is called 
indicated air speed. 
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h. Calibrated air speed. — ^Unfortunately, errors in the scale and 
linkage, leaks in the tubes, and burbling of air around the external 
opening of the pitot and static tubes do not permit actual existing pres- 
sures to be registered on the air speed meter. The instrmnent must 
therefore be calibrated. This process is called calibrating the air 
speed meter installation. By applying the calibration corrections to 
the indicated air speed, calibrated air speed is determined. Stated in 
simple words, calibrated air speed is what an air speed meter would 
read if it were a perfect meter. The procedure to calibrate the air 
speed meter will be described in due course. 

c. True air speed. — perfect meter will not indicate true air speed 
except when the existing air density is the same as the density at sea 
level in the standard atmosphere. Under other conditions true air 
speed must be determined by applying a correction to the calibrated 
air ^>eed. This correction is usually applied by means of a computer 
which uses flight level pressure altitude and air temperature. (See 
par. 145^.) 

d. True air speed meters. — ^True air speed meters, as the name im- 
plies, indicate the true air speed of the airplane provided no installa- 
tion or instrumental errors exist. No air density correction is neces- 
sary. These meters will undoubtedly replace current types in future 
airplanes. 

138. Air temperature thermometer. — ^This meter indicates the 
free air temperature at the elevation of the airplane. The scale of the 
instrument is graduated in degrees centigrade. 

139. Suction gage. — ^The suction gage is an instrument which in- 
dicates the amount of suction in the vacuum system actuating air 
driven gyroscopic instruments. The gyro instruments used by the nav- 
igator are the gyrostabilized drift meter, type B-3, which requires 
a suction of 3% to 5 inches of mercury ; and some experimental types 
of aircraft octants. The suction gage is similarly used for flight 
instruments of the gyro type. 

140. Drift meter. — There are several types of drift meters cur- 
rently installed in Army aircraft. Most installations are the types 
B-2 and The B-3 is the more common of the two. The main 
point of difference between the B-2 and B-3 is that the latter is gyro 
stabilized whereas the former is not ; otherwise, the operation, use, and 
alinement are identical. The B-3 drift meter is referred to throughout 
this paragraph. 

a. Description (fig. 73). — The type B-3 drift meter is a device for 
measuring drift and taking visual bearings. It provides the navigator 
with the drift correction necessary to keep the aircraft on course and 
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with values necessary in computing ground speed. The drift may be 
measured eitlier by sighting vertically down or by sighting back, or by 
using these motions to follow signal devices dropped from the air- 
craft. The drift meter is capable of measuring drift up to and in- 
cluding 20"^ right and left and azimuth througli 360^. Drift greater 
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Figure 73. — Drift meter, type B~3. | 

than 20° is read on the azimuth scale. The line of sight is movable 
from 15° forward to 85° to the rear of the vertical with a full field 
of 25°. An air driven self -erecting gyroscope supports the reticle so 
that when the instrument is tilted the reticle and the image of the 
ground will be in sight and move in the same direction and the same 
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amount as when the instrument is verticaL An optical system is 
mounted in the drift meter, the image being erect, and having a mag- 
nification of IX and 3X. The drift meter has a minimum length of 
3 feet 9 inches over-all, and is so constructed that sections of any 
desired length up to 5 feet may be readily inserted. 

&. Operation. — (1) The vacuum supply is turned on before take-off 
to start the gyro. The gyro caging knob is located under the gyro 
housing. The gyro should be caged when not in use, during turns, 
and particularly on the take-off and landing. Allow 3 to 5 minutes 
for the gyro to come up to speed and then uncage it when the airplane 
is in level flight. After uncaging, allow 5 minutes for the gyro to 
erect itself before making ground speed measurements. 

(2) After an appreciable change of course, the gyro is apt to be 
slightly displaced from the vertical, and a few minutes should be 
allowed for it to erect itself before taking observations. If the drift 
meter is tilted more than 20"^ from the vertical in any direction, the 
^ro will strike its limit stops, causing precessional forces to be gen-. 
erated which will render its indications erroneous for several minutes 
until the gyro has had time to erect itself. For this reason the instru- 
ment should always be caged preparatory to engaging in maneuvers 
which might exceed these limits, and uncaged when the airplane is in 
normal flight. 

j (3) The meter rotates on bearings in the mounting flange assembly, 
|the angle of rotation being read on either the drift or azimuth scales. 
Slow motion and locking are provided by the worm and gear operated 
by the slow motion control. For rapid rotation, the worm gear knob 
may be pulled back, thus unmeshing the worm. 

(4) The line of sight is shifted from IS"" forward to 85° back of 
the vertical by means of the line of sight control, the angle of the 
center of the field being read on the attached scale. Detents are pro- 
vided at the vertical position (0*"), at SO*", and at 70.9°. 

(5) Change in magnification from unit power to three power is 
accomplished by loosening the locking pin of the magnification selector 
and positioning the arm to the power required. 

(6) The reticle is illuminated for night use by a lamp (readily 
replaceable) located on the forward side of the gyro housing. The 
socket for connection to the 12-14 volt line and the rheostat for vary- 
ing the brightness are located on the rear of the meter. Although an 
off switch is incorporated in the rheostat, an external switch is 
desirable. 

c. 7o determine drift.— {1) Set the line of sight control to zero. 
Rotate the meter until the drift lines are parallel to the apparent mo- 
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tion of ground objects and read drift on the drift scale. Either the 
central or any of the side drift lines may be used. Over water or 
over land on which there are few prominent or readily identifiable 
objects to follow along the drift lines, the eye should be held stationary, 
i.e., fixed, on the reticle, and the general movement of the backgroimd 
observed without attempting to follow any one ground object. 

(2) A method frequently usable, which requires somewhat more 
time for measurement, is to pick up, with the line of sight at zero, 
some object which appears in the center of the reticle system and follow 
it back some 60° or 60°, keeping the center of the reticle on the object. 
This amounts to taking a bearing on an object which has passed ver- 
tically below the airplane. In using this method, only the center of 
the reticle system must be used. 

(3) To determine drift over smooth water or at night, a drift signal 
is dropped from the aircraft and the smoke or light picked up in 
the meter. To facilitate the pick-up, the 

line of sight is set at the approximate angle 
given in the curves on figure 74. When the 
signal is seen in the meter, the instrument 
is turned until the signal is in the center of 
the reticle system. In day use, the smoke 
is seen as a sharp pointed cone. The point 
of the cone, which is the location of the 
source of smoke, is the part to be centered in 
the reticle system. 

d. Relative hearings. — Relative bearings 
of terrestrial objects are determined by 
rotating the meter and operating the line of 

sight control handle to put the object on the center of the reticle or on 
the central vertical line. Bearings are read on the azimuth scale 
against the inner index line. 

e. GrTOund speedy trail angle method. — (1) By measuring the time 
for any ground object to pass over a convenient angle, the ground 
speed may be determined by formula. The principle of this method 
is illustrated in figiu'e 75. 

Ground speed = — 



jB^= absolute altitude (feet). 
t= time in seconds. 

angle back of the vertical that timing was started. 
6= angle at which timing was stopped. 
k= Pi. constant whose value depends on whether the 
ground speed is desired in knots or statute miles. 
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Figure 75. — Ground speed by 
timing, trail angle method. 
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The constant used in the above formula is not 
the factor appearing: in figure 76 ® and (2) as will 
be shown. 

The values of Jc and the tangent differences raay be combined. The 
formula then becomes 

^ factor 

Cr. 0.= 7 

t 

All values on this formula are the same as those in the one given above 
except that the factor equals (tan tan xA. The values of this 



FACTORS FOR GROUND SPEED BY TIMING 

NAUTICAL MILES , ALTITUDE (FEET) ^r-mp 
HOUR TIME (SBCONOS)^ fAtTOR 





*o* 


10* 


2cr 


30* 


40* 


50* 


5* 


j052 












10* 


.104 












15* 


.159 


J054 










20* 


.216 


.ill 










25* 


.276 


.172 


i>6l 








30* 


.342 


.236 


.126 








35* 


A\b 


.310 


.199 


J073 






40* 


AVf 


392 


.261 


.155 






45* 


.592 


/486 


.377 


.250 


.095 




♦ 50* 


.706 


.601 


.496 


364 


.209 




55* 


B46 


.741 


.630 


.504 


.349 


.140 


60* 


1.026 


.922 


.810 


.664 


329 


.320 


65* 


1.270 


1.165 


1.054 


.928 


.773 


.564 


*70.^ 


1.706 


1.602 


1.490 


1.364 


L209 


1.000 



^ B-3 OWTTMETER HAS DETENTS AT THESE ANGLES 



(D Ground sD^ed in knots. 
FlouBB 76. — ^Tables of factors for ground speed by timing. 

factor are contained in the tables shown in figure 76. A practical 
example of the use of this formula is given in paragraph 14&g. 

(2) Thus, if timing is started at 0° and ended at 50*^ (these two 
angles are marked by detents in the line of sight control), the ground 
speed in knots is equal to the absolute altitude in feet divided by the 
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time in seconds and multiplied by .706 (from fig. 76). If d is 70.9*^ and 
is 50° (both marked by detents), the factor for knots is one, and 
ground speed in knots is equal to the absolute altitude in feet divided 
by the time in seconds. 

(3) Two of the three detent positions are normally used as the 
starting and stopping angles during the timing operation because 
these angles may be ^'f elt." The table in figure 76 contains the values 
of (tan tan <t>) X k for the detent positions and also for several 



FACTORS FOR GROUND SPEED BY 
STATUTE MILES. ALT ITUDE (reer) 


TIMING 
X FACTOR 


HOUR timeCseconds) 




0* 


ID* 


20* 


30* 


40* 


50" 


CO 

5 


.0596 












10* 


.1202 












15* 


.1827 


.0625 










2Qr 


.2482 


.1280 










25" 


.3179 


.1977 


.0697 








30* 


.3937 


.2735 


.1455 








35* 


.4774 


.3572 


.2202 


.0837 






40* 


.5721 


4519 


.3239 


.1784 






45" 


.6818 


.5616 


.4336 


.2881 


.1097 






.8126 


.6924 


.5644 


.4189 


.2405 




55* 


.9737 


.8535 


.7255 


.5800 


.4016 


.161 


60* 


I.I8I 


1.062 


.9328 


.7873 


.6088 


.369 


65" 


L462 


1.342 


1.214 


1.068 


.8900 


.650 


"^70.9* 


1.9 


1.846 


1.716 


1.571 


1.393 


1.152 
















* B-3 ORIFTMETER HAS DETE 


NTS AT THESE ANGLES 



® Ground speed in miles per hour. 
Figure 76. — Tables of factors for ground speed by timing — Continued. 

other starting and stopping angles* There is rarely any occasion for 
using starting and stopping angles other than those contained in figure 
76. However, the value of the factor for any angles of starting and 
stopping may be readily found by substituting the proper angular 
values in the formula (tan ^ — tan <f>) X where $ is the stopping angle, 
* the starting angle, and k is .592 if the G. S. in knots is desired, and 
'681 if the G. in m. p. h. is desired. 
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(4) It is sometimes easier to pick up a ground object for the purpose 
of timing if the drift meter is rotated 180"^ so that the line of sight is 
projected forward. Then objects seen at the forward angles of 70.9° 
and 50*^ (the detent angles) can usually be followed backward until 
they are directly under the airplane at the zero angle. The factors 
are the same whether the sight is forward or backward. 

(5) It will be noted that at the usual navigation altitudes the drift 
signals are picked up at between 35*^ and 48° so that the second pair 
of detents may be used conveniently to determine ground speeds. 

/. Groimd speedy zero cmgle method. — (1) On many B-3 drift meters, 
the reticle is marked with three transverse wires. The center one has 
already been described and is common to all B-3 meters. The other 
two wires are parallel to the center transverse wire, equidistant from 
it, and lie one on each side toward the front and rear of the field. Any 

two of the three transverse wires may be 
used to determine ground speed. It is cus- 
ony/e s — b tomary to use the front and rear wires 

although the center wire and one of the 
others may be used equally as well, as will 
be explained. This method is particularly 
adapted for determining ground speed over 
water when a wave or sparkle of sunlight 
can be timed for a relatively short period 
^ only, and when the light and visibility con- 

"^^ZniXoZt^^J' ditions prevent the use of the trairangle 

method. 

(2) With the drift set off on the azimuth scale and the trail angle 
set at zero, time the passage of an object from the first ground speed 
wire to the third (and last) wire. The G. S. in knots is then solved 
by the formula : 

t 

where jy = absolute altitude in feet. 

t =time of passage in seconds. 
^' = a constant explained below. 

(3) From inspection of figure 77, 

where /)= ground distance subtended by angle. 
i7= absolute altitude. 

distance between front and rear transverse wires. 
A = distance between eye and the reticle. 
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(4) The quantity ^ is a constant. If not known it may be deter- 
mined as described in paragraph 151d. Then substituting the value 
D from the above formula in the time-speed-distance formula : 

1 distance 

veIocity=— — ^ 

tune 

S. in ft./sec. = YX^ 
H d 

G. 8, in knots = :rXrX-592 whei-e .592 is the conversion factor 
t a 

of ft./sec. to knots. 
LetiSr' = ^X.592 

Then G. S. in knots= y X K' 

(6) The value of ^ for most B-3 drift meters is .299. 

Then /ir' = .299X .692=.177 
(6) Then the O. 8. formula for a B-3 drift meter whose value of 



^=.299 becomes 



G. S. in knots =yX. 177 



(7) Due to coarse tolerances in the specifications for the etching of 
the ground speed wires on the reticle, the ground speed wires are not 
the same distance apart on all B-3 drift meters and the constant is not 
identical for each meter. See paragraph 151 d for determination of the 
constant for each instrument. 

(8) This method can also be used by timing an object from the front 
wire to the center or from the center to the rear. In either case 
multiply the time by two and use as in formula given in (6) above. 

141. Aircraft pelorus, type A-2 (fig. 78). — a. Description. — (1) 
The type A-2 pelorus is an instrument designed to measure bearings 
of celestial and terrestrial objects. It consists of a simple type of 
collimator rotatable in a housing mounted in gimbals for leveling. 
The assembly is mounted in the airplane on a mounting plate securely 
bolted to the airplane structure. This plate is mounted with the slot 
or keyway parallel to the center line of the airplane, thus putting the 
fixed lubber lines of the pelorus on this line. Means are provided for 
leveling the instrument, for rotating and elevating the collimator, 
and for measuring the angle of rotation. 
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(2) For terrestrial and low altitude celestial objects, the object is 
viewed through the glass plate (A) and the shade glasses, if necessary, 
and the plate rotated until the reflected image of the reticle is seen on 
the object. For high altitude objects, the observer looks straight 
down through the plate (A) seeing the reticle direct and a reflected 
image of the object. 

(3) The clamp (B) locks the scale (movable by means of four short 
pins) and clamp (C) locks the collimator assembly. Illumination of 
the reticle is provided (12-14 volts) through the socket (D) and bright- 
ness by the rheostat (E). The screw (H) (two) serves to fasten the 
instrument to the mounting plate. 

(4) To replace the light bulb, unscrew the collar (I) and pull the 
lamp support assembly straight out. It is not necessary to unsolder 
any wiring. 





Figure 78. — Pelorus, type A-2. 

&. Operation. — (1) To use the instrument, plug into the 12-volt 
circuit and adjust rheostat to full brightness. 

(2) Loosen clamp (B), set zero of scale on rear index (G), and 
tighten (B). 

(3) Level instrument, loosen clamp (C), and rotate upper assembly 
until object is seen through plate (A) in line with the bubble and 
the center of the filter plates (bubble toward the observer). Tilt plate 
(A) slowly until cross wires are seen, adjust brightness of reticle, 
and set vertical line on object. 

(4) To read azimuth, set scale to true heading on fixed index (G) 
and azimuth will be show^n against index (F). 

(5) To measure relative bearings, set zero of scale on (G) and read 
on (F), or set 180° of scale on (G) and read on index under filters. 
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(6) To measure reverse bearings, set zero of scale on (G) and read 
on index under filters, or set 180"^ of scale on (G) and read on (F). 

142. Flight instruments, — The navigator frequently makes use 
of the flight instruments and controls. In general, their indications are 
checked to determine that the airplane is in level flight before reading 
the navigation instruments. Some of the uses to which the turn indi- 
cator and automatic flight control equipment are put are as follows: 

cu Turn indicator. — ^The pilot uses this instrument to — 

(1) Make accurate turns, the amount of which has been predeter- 
mined by the navigator (as in a double drift maneuver). 

(2) Maintain a steady heading, while the navigator reads the com- 
pass heading or records a relative bearing. 

6. Autorkatic -flight control equipment. — (1) Some installations of 
this equipment have a control, remoted to the navigator's position, by 
means of which he can — 

(a) Control the heading of the airplane with reference to his 
compass. 

(6) Make changes in heading that may be necessary for a naviga- 
tional problem. 

(2) If no remote control is available, the pilot performs these 
operations on instructions from the navigator. 

143. Equipment. — The following equipment is required by the 
precision navigator. The list will require revision from time to time 
to keep pace with the change in methods and instruments. This equip- 
ment has been approved for issue as a kit, navigation, dead reckoning, 
on a basis of three per light bombardment squadron, one per medium 
and heavy bombardment and reconnaissance airplane. Note that the 
pelorus, aircraft, type A-2, is issued in this kit ; it has previously been 
described in paragraph 141 as it may be considered as being perma- 
nently installed in the airplane. 

a. Air Corps property. 

(1) Classiflodtion 05-A. Quantity 

Computer (assembly), aerial dead reckoning, type E-6 B, spec. 27892__each— 1 

Pelorus, #36Da430, type A-2 do 1 

Watch, type A-7, spec. 27748, time and stop, wrist, 15 jewel do 1 

Watch type A-8 spec. 27749, stop, pocket, 10 second revolution dial 

5 minute register, 7 jewel do 1 

(2) CldSsification 26. Quantity 
Case, carrying, for holding the items in the navigator's dead-reckoning 

kit each__ 1 

Compass, fixed needle, pen and pencil point, drafting, 6-inch, type B-2, 

spec. GGH-531 each— 1 

Divider, drawing, steel, hairspring, 6-inch, type B-3, spec. GG-I-531__do 1 



Protractor, circular, transparent, SeO**, graduated to %° 



do. 



1 



167 




Oriqinal from 
UNIVERSITVoF CALIFORNIA 



TM 1-205 
143 



AIR CX)RPS 



Quanlity 

Pencils, lead, drafting, black, hexagonal, grade 3H each 2 

Rule, parallel, ebonized boxwood, 15-inch, #1193 or equal do 1 

Scale, flat, draftsman, 14-inch, boxwood, both sides beveled, one bevel 

graduated to %-inch graduations, other bevel plain white each — 1 

Spline, transparent, drafting, 24-inch do 1 

Triangle, transparent, 45°, 6-inch, spec. Q(x-T-«71 do 1 

Triangle, transparent, 30° by 60°, 8-inch, spec. GG-T-671 do 1 

(3) Classification 29. 

Sheet, paper, garnet, class A, No. 2/0, spec. P-P-121 (sandpaper for shari)en- 
ing pencils) each — 1 

(4) Classification 30. 

Blank forms. 

Great Circle. 

H. O. 211 (Ageton) 

Navigator's Log, A. O. Form #26A. 

Mercator. 

Radio message. 
Books. ^ 

C. A. Bulletin #11 — Directory of Airports and Seaplane Bases. 

TM 1-205, Air Navigation. 

H. O. 205, Radio Aids to Navigation. 

H. O. 9, Part II. 

H. O. 211 (Ageton). 

American Air Almanac or Nautical Almanac (current year). 

T. O. 08-15-1, Radio Facilities Charts. 

T. O. 08-15-2, Radio Data and Aids to Airways Flying. 
Maps and charts. 

Complete set of Department of Commerce Regional C -harts. 

Complete set of Department of Commerce Sectional Charts. 

Complete set of Radio Direction Finding Charts. 
I H. O. Aircraft Plotting Sheets, VP-3, 4, 5, 6, covering latitudes 18°-56°, 10 

B of each sheet. 

H. O. chart #526, Gulf of St. Lawrence to Strait of Juan De Fuca, including 
^ Gulf of Mexico, Caribbean Sea, and Panama Canal. 

^1 H. O. chart #1400 a, Pilot Chart of the Upper Air, North Atlantic Ocean. 

S H. O. #1401 a. Pilot Chart of the Upper Air, North Pacific Ocean. 

y H. O. charts #3000 e, f, h, /, covering latitudes 24°-53°, 10 of each sheet 

1 U. S. C. & G. S. chart #3060 a, Aeronautical Planning Chart of the U. S., 
K Lambert conformed conic projection, showing principal cities, airx)orts, and 
^ radio-broadcasting stations. 

I U. S. C. & G. S. chart #3074, Great Circle Chart of the U. S., gnomonic projec- 

i tion showing selected airi)orts along air routes. 

I U. S. C. & G. S. chart #3077, Magnetic Chart of the U. S., showing the lines 

£ of equal magnetic variation in the United States. 

^ Tables. 

Altitude-Pressure — ^Feet-Inches. 

1 Wind Force & Direction by Double Drift. 

Gas consumption data. 
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Tables — Continued. 

Ground Speed Factors : by Double Drift ; by Timing. 

Off-course CJorrections. 

Radio Bearing Conversion. 

Time Tick Schedule and Frequency. 

Ground Speed and Drift (wind angle from true course). 

6. Quartermaster Corps property. Quantity 

Bands, rubber, #32, spec. ZZ-B-11 each__ 25 

Qips, paper, wire, gem pattern, steel, type I, class A, spec. FF-C-436 do— 100 

Eraser, pencil rubber (ruby #224 or equal) do 1 

Tacks, thumb, stamped steel, % inch, tyiie III, spec. FF-T-311 do-_ 100 

c. Signal Corps property. 

Batteries, BA-30, #3A30 each— 4 

Flashlight, TL.-122A, #6Z4002A do__ 1 

144. Watches. — a. Wateh^ time and stop^ type A-7. — ^For dead 
reckoning purposes any fairly accurate timepiece is sufficient. The 
airplane clock may be used provided it can be read conveniently from 
the navigator's position. The inclusion of a second timepiece is a 
safety precaution in event of failure of one of them. The type A-7 
watch or any substitute fulfills this need. The stop feature of this 
watch is convenient for recording elapsed time. 

6. WatcK type — This stop watch is especially designed to 
record short lapses of time to the tenth of a second. This feature is 
required for ground speed determinations by timing and for air speed 
calibration flights. 

145. Computer, type E-6B (figs. 79 and 92). — a. Description. — 
The type E-6B dead reckoning computer is a circular slide rule and 
a device for solving the vector problems encountered in dead reckoning. 

(1) The slide rule face of the computer may be used for solving 
problems involving — 

Time-speed distance. 

Multiplication, division, and proportion. 

True air speed from calibrated air speed. 

True altitude from calibrated altitude. 
On the E-1 series of computers the slide rule face is practically iden- 
tical with that of the E-6B. Problems involving the above factors are 
solved in the same way on either computer. 

(2) The face used in solving vector problems consists of a trans- 
parent plotting disk integral with a graduated compass rose which 
can be rotated by the fingers, and a slide having concentric speed 
circles, radiating drift lines, and a rectangular grid printed on it, 
which fits in the metal frame and can be adjusted so that the slide 
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chart is seen through the plotting disk. The use of the vector face 
of the computer is described in section V. 

h. Speed'time-distance. — ^The following are examples of the various 
speed-time-distance conversion computations that can be solved with 
the type E-6B computer : 

(1) Example 1 (fig. 79). 
Given : Ground speed 180 knots. 

Time of flight 36 minutes. 
Find : Distance traveled. 
Solution: Set the speed index (heavy arrowhead-shaped mark on 
rotating plate) opposite 180 (18) on the outer miles scale. 
Opposite 35 on the minutes scale read the distance trav- 
eled on miles scale. 
Answer : 105 nautical miles. 

(2) Example 2. 

Given: Ground speed 180 knots. 

Distance to travel 210 nautical miles. 
Find: Time required to fly distance. 
Solution: Set speed index to 180 (18) on mile scale. Opposite 210 
on miles scale read 70 (7) on minutes scale or 1 hour 10 
minutes (1 : 10) on hours scale (innermost continuous 
scale). 

Answer: 1 hour 10 minutes. 

(3) Example 5. . 

Given: Distance traveled 240 nautical miles. 

Elapsed time 1 hour 20 minutes. 
Find: Ground speed. 
Solution: Set 1 hour 20 minutes (1:20) on hours scale opposite 240 
(24) miles on miles scale. Opposite speed index read 
ground speed on miles scale. 
Answer: 180 knots. 

(4) Example 4. 

Given : Distance 220 nautical miles. 

Find : Equivalent distance in statute miles and kilometers. 

Solution : Set 220 (22) miles on rotating disk opposite index marked 
'^NAUT." Opposite indices marked ^^STAT" and "KM'' 
read statute miles and kilometers, respectively. 

Answer : 254 statute miles, 407 kilometers. 
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c. To find true altitude. 
Example (fig. 80). 

Given: Indicated altitude, 20,450 feet. (Reading of instrument 
with atmospheric pressure scale set in accordance with 
altimeter setting.) 
Air temperature aloft — 10° C. 

Pressure altitude, 20,000 feet. (Reading of instrument 
with atmospheric pressure scale set to 29.92 inches.) 
Find : True altitude. 
Solution : Set pressure altitude 20,000 feet (20) opposite temperature 
aloft, — 10° C.J which appears in air temperature cut-out. 
Opposite indicated altitude on minutes scale read true 
altitude above sea level on miles scale. 
Answer : 21,660 feet. 

Note. — ^Due to the small scale of the computer and the fact that the difference 
between pressure altitude and indicated altitude will normally be less than 1,000 
feet, it is considered practical to keep the altimeter set by the broadcast altimeter 
setting and use the indicated altitude to set opposite the temperature aloft 
Where extreme accuracy in altitude is desired, a special altitude correction 
computer, type C-1, is recommended. 

d. To interconvert calihrdted cmd true air speed. 

(1) Example 1 (fig. 81). 

Given : Calibrated air speed, 200 knots. 
Pressure altitude, 20,000 feet. 
Air temperature aloft, — 10° C. 
Find : True air speed. 
Solution : Adjust the rotating disk to bring the temperature, — 10° C, 
opposite the figure 20 (20,000 feet) which appears in the 
pressure altitude cut-out. Opposite 200 (20) on the 
minutes scale read the true air speed on the miles scale. 
Answer : 282 knots. 

(2) Example 2. 

Given : Temperature aloft, +26° C. 
Pressure altitude, 125 feet 
True air speed, 162 knots. 
Find : Calibrated air speed. 
Solution: Set temperature +26° C. opposite pressure altitude 125 
feet in cut-out. Opposite 162 knots true air speed on the 
miles scale read 158^ knots calibrated air speed on the 
minutes scale. 

Note. — Except when calibrating the air speed meter it is practical to follow 
instructions in the note in paragraph 145c. It will be found that by using the 
indicated altitude instead of the pressure altitude, a difference of 1 to 2 miles in 
the true air speed may result. The assumption does not seriously affect the 
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accuracy of the dead reckoning because it is doubtful that the air speed meter 
can be read within limits which justify taking the error into account. 

e. Fuel consumption. 

(1) Example 1. 

Given : Fuel consumed, 175 gallons. 

Elapsed time, 2 hours 04 minutes. 
Find: Rate of consumption. 
Solution : Opposite 175 on the miles scale set 2 hours 04 minutes on the 
hours scale* Opposite the speed index read the rate of 
fuel consumption on the miles scale. 
Answer : 84.6 gallons per hour. 

NornL — ^In the above and other cases in which the setting of time in excess of 
1 hour is involved, the use of the divisions on both the hours and minutes scales 
facUitates the more accurate setting of the rotating disk. 

(2) Example ^. 

Given: Fuel remaining, 220 gallons. 

Rate of consumption, 84.6 gallons per hour. 
Find: Remaining flight time. 
Solution : Set speed index to rate of consumption, 84.6 gallons per hour 
on miles scale. Opposite fuel remaining on miles scale 
read remaining time of flight on hours scale. 
Answer: 2 hours 36 minutes. 
/. (h'omid speed forrm^ 

Example. 
Given : Time, 21 seconds. 

Absolute altitude, 4,500 feet. 
Factor, .706. 
Find: Ground speed. 
Solution : Opposite 4,500 feet absolute altitude on the miles scale set 
21, the time in seconds, on the minutes scale. Find the 
factor .706 on the minutes scale and opposite it read 151 
knots ground speed on the miles scale. 

146. Drafting and drawing implements.— This equipment is 
necessary in plotting courses, positions, scaling distances, etc. The 
handy use of these articles can best be acquired by practice rather than 
by reading any lengthy description. 

147. Books. — a. Civil Aeronautics Bulletin #11; Directory of 
Airports and Seaplane Bases published by the Civil Aeronautics 
Administration. — This series of pamphlets, issued periodically, de- 
scribes airports in the continental United States. One of the uses to 
which the navigator puts this publication is to find the coordinates of 
airports and seaplane bases listed therein. 
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&. TM — ^This manual is an air navigation text and reference. 

c. Hydrographic Oifice Publication Radio Aids to Nmigation 
(current year). — ^This publication is periodically printed, usually in 
two volumes, by the Hydrographic OflBice. It contains such useful in- 
formation as the latitude and longitude, frequency, and schedule of 
operation of all marine radio direction finder stations and of all the 
marine radio beacon stations in the world ; a list of many radio trans- 
mitter stations throughout the world, with their latitudes and longi- 
tudes; a schedule of operation and frequency of radio time signals 
throughout the world; an excellent treatise on radio bearings; etc- 

d. Hydvogra/phic O-ffice Publication #5, Pa^ II. — ^This book con- 
tains the natural and logarithmic functions of angles, logarithms of 
numbers, and many other tables frequently used by the navigator. 
H. O. 9, Part I, commonly referred to as Bowditch, contains all the 
tables of Part II, many additional tables, and a treatise on marine 
navigation. Worthy of note is the section on the principles of 
arithmetic, trigonometry, geometry, and logarithms, 

Hydrographic Office Publication #^11^ Dead Beckoning Altitude 
and Azimuth Tables by Ageton. — Commonly called "Ageton," this 
book contains tables and formulas which solve the spherical triangle. 
The. dead reckoning navigator may use this publication for the cal- 
culations of great circle navigation and the computation of the azi- 
muth of celestial bodies for use in compass swinging. Explanation of 
the use of these tables is described in TM 1-206. 

/. Americwn Air Alm/mac amd/or Nautical Almanac. — ^Tables in 
both of these publications permit the determination of time of sunrise, 
sunset, the duration of twilight; the time of moonrise and moonset 
This information is frequently needed by the dead reckoning navigator 
in planning flights. The American Air Almanac is a recent publica- 
tion compiled by the U. S. Naval Observatory. Each issue contains 
astronomical data for a 4-month period. 

g. T. 0. 08-15-1 amd T. O. 08-15-2.— O, 08-15-1 contains the 
frequently used Radio Facility Charts. T. O. 08-15-2 contains Radio 
Data and Aids to Airways Flying. Both are published by the Materiel 
Division, the former monthly, and the latter periodically. 

148. Tables. — a. Altitude-pressure table — Feet-inches (fig. 82).— 
This table contains the conversion of atmospheric pressure in inches 
of mercury to feet of altitude. 

b. Groumd speed factors by double drift (fig. 99) . — ^This table con- 
tains the factor of ground speed in percent of air speed, using for argu- 
ments the drift measured on each of two headings opposed at a 90*^ 
angle. (See sec. V.) 
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G. Wind direction cmd force hy dmibU drift (fig. 100). — ^This table 
contains the factor for wind force in percent of air speed and the 
wind direction in terms of the wind angle clockwise from heading. 
The same arguments are used to enter the table. (See sec. V.) 

d. Grmind speed factors hy timing (fig. 76 and (2)). — These 
tables contain the factors which are used in the formula for ground 

ALTTTUDE-PRESSURE-TABLE— FEET-INCHEff 



28.0 1824 1814 1805 1795 

28.1 1727 1717 1707 1098 
28^ leaO 1620 1610 1601 
28^ 153S 1523 1513 1504 

28.4 1436 1427 1417 1407 

28.5 1340 1330 1321 1311 

28.6 1244 1234 1225 1215 

28.7 1148 1139 1129 1120 

28.8 1053 1043 1034 1024 

28.9 957 948 938 929 
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FiGUEB 82. 

speed by the trail angle method. One table gives the factors for de- 
termining ground speed in nautical miles per hour, i. e., knots; the 
other in statute miles per hour. 

e. Radio bearing conversion table (fig. 131). — In correcting a radio 
bearing (great circle) to a Mercator bearing (rhumb line) for the 
purpose of plotting the bearing on a Mercator chart, this table is used. 
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The arguments with which the table is entered are the difference in 
longitude between the transmitter station and the airplane's dead 
reckoning position, and their middle latitude. The correction must be 
applied to the radio bearing in accordance with the rules outlined in 
section X. 

/. Grownd speed cmd drift tables {wind (mgU from true course) 
(fig. 93). — ^These tables permit the predetermination of drift and 
ground speed when the track, wind direction and force, and true air 
speed are known; or knowing true air speed, drift, ground speed, and 
heading, the wind direction and velocity can be computed. Again, 
knowing only the wind angle, true air speed and drift, the ground 
speed and the wind force can be determined. The use of these tables is 
described in section V. 

149. Blank forms. — a. Great circle. — ^This is a convenient form 
for making great circle calculations. The nature of the form depends 
upon the method of finding the spherical elements involved. Forms 
adapting the Ageton method to great circle computations are the ones 
most frequently used. (See TM 1-206.) 

6. Ageton (H. O. SJl). — ^This form refers to the Ageton solution for 
altitude and azimuth of celestial bodies. The azimuths are used in 
compass swinging. (See TM 1-206.) 

c. Namffator^s Log^ W. Z>., A. C. Form No. 38&4.— Form No. 26A is 
a paper bound book which contains log sheets (Form No. 21 A) , tables 
of ground speed by timing factors, an off-course correction table, a 
great circle radio bearing conversion table, and an altitude-pressure 
table. 

d. M creator solution (fig. 125) . — ^This title refers to the form used 
for calculating the rhumb line course and distance. 

e. Radio message hl<mks. — ^The form of position reports has not been 
standardized, hence, no universally used blank form has been pub- 
lished. Convenient forms are shown in paragraph 174. 



ALINEMENT, COMPENSATION, AND CALIBRATION OF 

INSTRUMENTS 



150. General. — a. The alinement, compensation, and calibration of 
instruments is an arduous task devolving upon the navigator. The 
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necessity for diligence in the performance of this duty lies in the theory 
that by eliminating all instrumental errors the navigational error is 
the navigator's personal error. With experience, the personal error 
becomes a known quantity, and definite allowance in the calculations 
can be made for it. 

b. The elimination of instrumental and personal errors makes pre- 
cision navigation possible. In a comparatively short time, instruments 
of fine accuracy have been developed. Every improvement in naviga- 
tional instruments and technique enhances the tactical value of the 
airplane. 

c. Before precision results can be obtained, the navigator must care- 
fully aline, compensate, and calibrate his instruments. There are many 
ways in which theA^arious instruments may be alined, compensated, and 
calibrated. This section describes a few of the methods which have 
proved satisfactory. 

151. Alinement of type B-3 drift meter. — a. Planes. — ^The 
drift meter must be alined in two planes. 

(1) The drift wires must be parallel to the longitudinal axis of the 
airplane when the pointer on the azimuth scale reads 0° or 180^. 
This operation is called "alining the drift wires." 

(2) With the trail angle set to zero, the line of sight must be vertical 
when the airplane is in level flying position. This alinement is called 
'^roing the trail angle,'' and it is accomplished by setting the trail 
angle at zero and adjusting the drift sight until the vertical line of 
sight is perpendicular to the plane containing the longitudinal and 
lateral axes of the plane. This alinement is necessary if the drift sight 
is to be used for ground speed by timing. 

&. Alinement of drift wires with transit. — (1) The airplane should 
be placed on a level surface but need not be in flying position. With 
the airplane pointed toward distant objects (trees on horizon, etc.), 
establish the projection of the longitudinal centerline of airplane on 
the ground in the following manner : Drop a plumb bob from center 
of tail and from center of nose of aircraft; draw a line connecting 
plumb points and extend it forward of the nose. Set up a transit 
on this centerline and set cross wires of transit on tail plumb line with 
transit azimuth scale set to 0. Rotate transit 180° and select a distant 
object which appears on the vertical cross hair. This object is in the 
same vertical plane as the centerline of the airplane. 

(2) Rotate drift meter, with gyro caged, until index is near zero 
of azimuth scale; turn line of sight control to 85°. Pick up distant 
object located by transit and by means of slow motion control rotate 
drift meter until object is in center of reticle system or oa the central 
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vertical line. Loosen the four screws on edge of the azimuth drift scale 
(azimuth ring adjusting screws in fig. 73) ; rotate ring until the zero 
is opposite index line and tighten the four screws. The drift wires 
are now alined. 

G. Zeroing trail cmgle. — (1) General. — ^Materials necessary for this 
operation are a 100- foot steel tape, plumb bob, chalk line, and chalk. 
The problem is to find a point on the ground where a line from the 
drift meter to the point will be perpendicular to the plane containing 
the longitudinal and lateral axes of the airplane. The position of 
the point will be approximately the same for all airplanes of the same 
type, but for accuracy each airplane should be considered individually. , 
The drift wires also may be alined by this method as explained in 
(2) below. One advantage of this method is that it does not require 
use of a transit. 

(2) Procedure (fig. 83). — {a) With the airplane not in flying posi- \ 
tion on a smooth, level floor or ramp, block the wheels. Have tail ; 
wheel at right angles to fuselage. I 



(&) Determine over-all length of airplane from center of nose | 
plate to tip of tail cone. (See handbook for each type airplane.) This 
will be side AB in the triangle ABG. \ 

{c) Drop a plumb bob from tail cone and tip of nose. Measure dis- \ 
tance XY. Note that ZT=AO. \ 

(d) Connect two points X and T with a chalk line. | 

(e) Using a plumb bob locate point on ground vertically beneath | 
center of cover glass of drift meter trail prism. Label this point 
Measure length of plumb line from cover glass to point Z>. This will 
be side ED in triangle EFD. Note that the point D does not fall on 
the centerline XT. This can be seen by referring to the front vieAV 
of the figure. 

(/) Draw through point D a chalk line parallel to the center line XT. 
(g) Triangles ABC and EFD are similar right triangles. In order 
to locate point solve for angle BAO by using the formula : 




Bids y/iew 

Figure 83. — ^Zeroing trail angle. 
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But 
Then 



cos BAC^—Tfi 
AB 

ZDEF= ZBAO 

I)F=DE tan DEF=DE tan BAC. 



Locate point F on the parallel line through Z>, measuring from D 
toward the nose. 

{k) Through F draw a line perpendicular to DF (not shown in 
figure). For lack of a better term, this line will be called the "ground 
speed line.'' 

{i) Enter the airplane and vibrate the drift meter in its shock 
mounts and let it come to rest. Keep gyro caged. Rotate drift meter 
in azimuth so that center drift wire of meter is parallel to line DF on 
the ground. Keep trail prism at zero. Bead drift scale. It should 
read zero. If it does not, proceed to adjust azimuth ring as in &(2) 
above until the drift scale heads zero when the drift wires are parallel 



{j) With line of sight control, set center transverse cross wire on the 
ground speed line. The trail angle should read zero. If it does not, 
loosen the small screw in collar of trail angle scale segment. Holding 
transverse wire on ground speed line with line of sight control, move 
zero on scale to index. Tighten the screw. The trail angle is now 
zeroed. 

{k) After these operations it may be found upon rotating the 
drift meter in the azinmth that the intersection of the cross wires on 
the reticle move off the intersection of the line DF and ground speed 
line on the ground. This indicates that the vertical axis of the 
drift meter does not remain in a fixed position as it should. If 
the movement is appreciable, either the drift meter or its installation 
is faulty and an instrument expert should be consulted. 

d. To "fbnd the constomt used in grownd speed determination by 
zero angle method^ BS drift meter {par. llfif and fig. 77). — 
(1) Procedure. — ^With the airplane not in flying position, parked 
on a level surface, block the wheels. Select some object on the hori- 
zon at least a mile aw^ay. Rotate meter in azimuth so the line of sight 
is projected forward and the center drift wire is on the object. Do 
not allow drift meter to rotate in azimuth during the following 
operations : With line of sight control, set first ground speed wire on 
the object. Read trail angle scale. Set third (last) ground speed wire 
on same portion of object. Read the scale. The difference between 
the two scale readings is the value of angle 8. 
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(2) Example, — (a) From figure 77: 



tan ifi=ij 



Transposing 



j=2 tan ^ 



(b) From paragraph 140/ (4) : 



K'=^X. 592=2 tan J5X.592 



iC'= 1.184 tan ^ 

ic) If 



then 
and 



6=17^ 



^C' = l,184 tan 8i° = 1.184X.1494 



152. Alinement of type A-2 aircraft pelorus (fig. 78).— The 
pelorus is issued with two or more mounting plates each of which 
must be mounted on a bracket. The brackets are mounted at con- 
yenient positions in the airplane so that the pelorus, when installed, 
will have the widest horizontal angle of view. The design of these 
brackets has not been standardized to date, principally because a 
bracket designed for one type of airplane may not be suitable for 
other types. The brackets are usually fabricated locally. It has 
been found that a bracket with slotted bolt holes to permit a slight 
rotation of the mounting plate in a horizontal plane during the aline- 
ment operation facilitates the alinement. 

a. Alinement with drift meter. — This method can only be used if 
the drift meter has been accurately alined. With the airplane, not in 
flying position, parked on level ground with the nose in general direc- 
tion of distant objects, proceed as follows: 

(1) Attach the pelorus to mounting plate and set on bracket. 
Tighten bolts holding plate to bracket only enough to permit easy 
rotation of plate on bracket. By means of clamp (B) (fig. 78), clamp 
azimuth scale so that zero is coincident with lubber line (G). Do not 
unclamp until alinement procedure is completed. 

(2) Using drift meter find clockwise relative bearing of a distant 
point. 

(3) Set relative bearing, just determined, on pelorus. This is 
done by unclamping (C), setting index (F) opposite relative bearing 
on azimuth scale and then tightening (C). 

(4) Rotate mounting plate, with pelorus attached, until lighted 
cross hairs of the pelorus coincide with the object. 
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(6) Tighten bolts holding plate to bracket. The pelorus is now 
alined* 

(6) Scratch marks on edge of plate and on face of bracket so that 
coincidence of these marks shows position of the plate when alined. 
These marks provide a quick means of realinement in event the 
plate becomes offset from the position in which it has just been 
tightened. 

(7) Repeat procedure to aline plate for each bracket installation. 
b. Alinement with tramit or pelorus itself. — ^Drop plumb bobs 

from center of nose and tail of airplane. Set up a transit near nose 
of airplane and on extension of line joining the two plumb bobs. 

Measure relative bearing of a distant object. Having determined 
the relative bearing of the object, the procedure is the same as out- 
lined in a above. If a transit is not available, the pelorus mounted 
on a tripod may be used to measure the relative bearing of the object. 

153. Alinement^ compensation, and swinging of compass. — 
a. Process. — ^There are three steps necessary before a compass is 
ready to be used on a navigation flight. 

(1) Alinement. — ^The compass should be installed so that the 
lubber line is parallel to the fore-aft axis of the aircraft. 

(2) Compensation. — ^The needle should be made to lie in the plane 
of the magnetic meridian as nearly as it is humanly possible to do 
so by placing magnets or other correctors in a chamber incorporated 
in the base of the compass. Due to local magnetism, a compass 
needle which has been made to coincide with the magnetic meridian 
when the airplane is headed in one direction may not remain coin- 
cident with the magnetic meridian when the airplane is headed in 
another direction. Since it is obviously impractical to compensate 
a needle so that the needle will always remain parallel to the mag- 
netic meridian regardless of the aircraft heading, a method which 
produces approximate parallelity is used. Any left-over deviations 
of the needle from the direction of the magnetic meridian are re- 
corded when the compass is swung and taken into account during 
subsequent flights. 

(3) Swinging. — Swinging is the process of determining the angu- 
lar deviations between the direction of the magnetic needle and the 
plane of the magnetic meridian. The process consists of finding 
the deviations between the direction of the needle and the magnetic 
meridian on known magnetic headings differing in azimuth by 10*^ 
or 15*^, and recording the deviation between each compass heading 
and the corresponding magnetic heading. The deviation corrections 
are later tabulated or plotted graphically, and a smooth curve is 
drawn (fig. 84). Thereafter, the deviation correction for any de- 
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sired magnetic heading may be conveniently selected and applied 
when setting the azimuth ring of the compass so that the aircraft's 
head may be placed in a desired magnetic direction. 

6. Purpose. — compass need not be alined or compensated before 
swinging provided the compass is not disturbed after it has been 
swung. 

(1) The reason for removing the lubber line error is mainly one 
of convenience. If the compass is not alined, the deviations on all 
magnetic headings may turn out to be all easterly or all westerly. 
The effect of lubber line error will be made apparent if the reader 
imagines the curve shown in figure 84 as being moved parallel to 
itself 16*^ to the right. If this should be done, all the deviation 
corrections would be positive although the shape of the curve will 
remain the same. Hence, even though the deviations are known on 
every heading, they may be of such one-sided magnitude as to prove 
extremely disconcerting. For example, a large lubber line error ; 
might require that a navigator desiring to fly a magnetic heading 
of 90'' set his compass at 20°. 

(2) The purpose of compensating the compass is to reduce the 
magnitude of the deviations. If the compass whose deviation curve 
is shown in figure 84 had not been compensated, the shape of curve 
would be entirely different. The curve would in all probability be 
much wider and more irregular than that shown in the illustration, 
even though the scale remained constant. In other words, the de- 
viations would be greater. Compensation tends to flatten out the 
curve. The flatter the curve, the easier it is for the navigator ac- j 
curately to interpolate by eye when selecting the deviation correction | 
for any desired heading. If the deviation corrections of an uncom- • 
pensated compass are carried in tabulated form, rather than as a | 
curve, the navigatoi" may have some difficulty interpolating between 
tabulated values. Hence, compensation serves to fulfill the require- 
ments of accuracy and convenience. 

c. Problems of swinging and tlteir inf uence on methods. — (1) The 
difficulties of compensating and swinging the compass have increased 
with the development of modern aircraft. The ground methods of 
compensating and swinging were entirely adequate for the old non- 
metallic types of planes which were light enough and small enough 
to be conveniently handled on a compass rose. Furthermore, these 
airplanes did not contain a profusion of electrical circuits likely to 
influence the compass, nor did they fly under conditions of loading 
likely to change the compass deviation appreciably. Consequently? 
the deviations determined on the ground were adequate to enable the 
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pilot to perform successfully the short range navigation missions 
assigned him. 

(2) Ground swinging methods are no longer adequate for determin- 
ing the deviations of the magnetic compasses installed in the long-range 
military airplane. The airplane is so heavy and unwieldy as to make 
ground swinging difficult ; and even if ground swinging could be ac- 
complished with facility, the deviations thus determined would be 
of little value in flight because the deviations existing on the ground 
are not the same as those prevailing during flight, A great many 
factors cause this variation in deviation. The extended and retracted 
positions of the landing gear influence the deviation on any heading. 
The magnetic fields created by the various electrical circuits are fre- 
quently different in flight from those on the ground; consequently, 
their effect on the compass needle will vary with the strength of the 
field. The inadequacy of ground swinging has led to greater and 
greater emphasis and reliance being placed on air sw inging. 

(3) Although air swinging is resorted to, the difficulties are still 
great. In the air, compass deviation varies with the condition of load, 
the strength and polarity of the magnetic fields surrounding the 
electrical circuits, the ^^on" and "off" conditions of the numerous radio 
sets and lights, etc. Hence, compass deviations which are correct for 
one set of conditions existing during flight will probably not be accurate 
for a different set. It is obviously impossible to air swing a compass 
for every possible set of conditions likely to prevail. It is common prac- 
tice to swing the compass under the two or three sets of conditions 
most likely to exist and let it go at that. 

(4) In addition to permitting the determination of deviations under 
actual flight conditions, air swinging has an additional advantage 
over ground swinging. It permits the navigator to check the accuracy 
of the deviation correction on any heading while engaged in flying 
a mission not specifically scheduled as a compass-swinging mission. 
That is to say, the deviation can be determined while the airplane 
is on course. The method usually employed to check the deviation 
while on course involves the use of celestial azimuths as mentioned 
later in this paragraph. 

d. Selecting location for compass. — The navigator has little voice 
in selecting the location for the compass mount, as the compass loca- 
tion is usually determined at the time the airplane is designed. When 
there is a choice of locations, the following major considerations 
should be borne in mind. The compass should be located — 

(1) As near the center of gravity of the airplane as possible. 

(2) Convenient to the navigator. 
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(3) As far away as possible from the magnetic fields created within 
the airplane. This applies particularly to those fields which fluctuate 
in strength. 

Preparing airplane and compass before compensating avid swing- 
ing. — ^The precautions contained in paragraph 36 are taken before any 
attempt is made to compensate or swing the compass. When the 
process of removing the lubber line error is combined with the process 
of compensation (par. 36), it is necessary to observe the above-men- 
tioned precautions before alining. 

/. Removing lubber line ei^or. — ^The lubber line error may be totally 
eliminated or it may be partially but satisfactorily removed as de- 
scribed in paragraph 36. To aline the lubber line exactly, the center 
line of the airplane must be established and the compass rotated on its 
mount until the lubber line is parallel to the center line. Because of 
the difficulties incident to establishing the center line inside most 
aircraft, and in making offsets from it, this method is little used. The 
existence of a small lubber line error is not objectionable and, there- 
fore, no great amount of time and effort need be spent eliminating it. 

g. Compensating the compass. — (1) Ground method. — See para- 
graph 36. 

(2) Air method. — ^The compass may be compensated in the air. The 
method used is similar to that on the ground except the N, S, E, and W 
magnetic directions when in flight must be established by methods 
described in h below. 

h. Sicinging the compass. — {1) GenercA. — ^After the lubber line 
error has been removed and the compensation completed, the compass is 
ready to be swung. As has been already implied, there are two general 
classifications of swinging — ground and air. In turn there are sev- 
eral procedures available for use on the ground or in the air. The 
main point of difference between all these procedures lies in the 
way the magnetic heading of the airplane is determined at the 
time the compass heading is recorded. Ground swinging methods 
present little difficulty in determining the magnetic heading, either 
a compass rose, a master compass, or a transit serving to establish the 
direction (par. 36). Air swinging procedures to establish the mag- 
netic heading present more of a problem, as will be readily apparent 
when a little thought is given to the influence of the airplane's 
speed and instability on the problem. Air procedures vary according 
to the instruments used to assist in determining the magnetic heading 
and according to whether a celestial or terrestrial bearing point, or 
a line upon the earth's surface (such as a straight length of railroad 
track), is used in the orientation. In all air procedure, smooth air 
conditions must exist if reliable results are to be obtained. 
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(2) Air swinging by terrestrial bearings on straight stretch of 
railroad or highway with BS drift meter. — From an aerial recon- 
naissance or from an accurate large scale map, select a straight sec- 
tion of railroad or highway* and determine its magnetic direction. 
For convenience the length of the section should be at least a mile, 
preferably longer. 

{a) The procedure for the pilot on each run is as follows: He se- 
lects any convenient compass heading to start with, for example, 




(iKt Courtses or fhoae^ 



£*IGURD 85. — Pattern for air swinging on railroad. 

southeast. He plans to fly a long, steady course, passing over the 
railroad. He turns the airplane to this course by his compass, reading 
it after it has come to rest. Then by uncaging his gyro turn indicator 
to any graduation, usually zero, he maintains a constant heading for 
the entire run. If the compass does not read 135^, it is immaterial as 
long as it does read the same heading for the entire run. The gyro 
turn indicator must have negligible precession during the run which 
usually extends over a 5- to 10-minute period. 
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(6) The procedure for the navigator is as follows: 

1. As soon as the airplane becomes steady on the run, the navi- 

gator rotates the drift meter so that the line of sight 
projects forward. The railroad is picked up in the field 
while it is some distance from the airplane. The center 
transverse cross wire is held on the railroad with the line 
of sight control and made to parallel it by rotating the drift 
sight in azimuth. 

2. When the transverse wire is parallel to the railroad, the 

compass heading is recorded. 

3. The drift meter is read. 

^ Steps 2 and 3 above are repeated two or three times l)efore 
crossing the railroad. 

6. As the airplane crosses the railroad, the drift meter is ro- 

tated 180*^ and the line of sight moved in the opposite 
direction to keep the transverse wire on the railroad. 
<?. Again the compass heading is recorded and the drift meter 
read. 

7. The data recorded from the drift meter before crossing the 

railroad are now combined with magnetic bearing of the 
railroad to determine the magnetic heading of the aircraft. 
Similarly, the data recorded from the drift meter after 
crossing the railroad are combined with the magnetic 
bearing of the railroad to find the magnetic heading of 
the aircraft. Great care is required in making the fore- 
going computations due to the fact that the azimuth scale 
of the drift meter does not indicate relative bearing meas- 
ured from the head of the plane when the transverse wire 
is used. A detailed discussion of the problem follows in 
(5) below. 

8. The two magnetic headings obtained in 7 above are 

averaged. 

9. The compass headings of the run are averaged. 

10. The average magnetic heading is compared with the aver- 
age compass heading to determine the deviation. In de- 
termining the sign of the deviation correction, it should 
be remembered that to make good the magnetic heading 
the airplane must fly the compass heading. If the com- 
pass heading is less than the magnetic heading, the devia- 
tion correction is minus ; if greater, the correction is plus. 
The deviation correction is now recorded. 
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(c) The procedure contained in (a) and (&) above is repeated for 
every 10° or IS'' of compass heading. (See fig. 85.) 

(d) After flight, the deviation corrections are tabulated on a com- 
pass card or are charted on graph paper and a smooth curve is drawn 
through them. The chart of the deviation corrections (fig. 84) is 
kept in the airplane. 

(e) On subsequent flights the navigator can check the accuracy of 
the deviation correction for the particular heading he is flying when- 
ever he passes over a line of known bearing. If the deviation correc- 
tion is found to differ from that obtained from the deviation curve, 
the curve is adjusted to conform to the later information. 

(3) Air swinging by celestial ammuths. — {a) In this method, the 
airplane is flown on a succession of headings just as is done when swing- 
ing on a railroad. On each run the compass heading and the relative 
bearing of the celestial body are read, and the correct time of the bear- 
ing recorded. The relative bearing is later combined with the calcu- 
lated magnetic bearing of the body to find the magnetic heading of the 
airplane. Computations for magnetic bearing of celestial bodies are 
described in TM 1-206. Having determined the magnetic heading on 
each run and having read the compass on each run, the deviation 
corrections are found and tabulated or graphed as described above. 

(6) If swinging is done on the sun and the airplane is flown low 
enough for its shadow to be observed through the drift meter, the drift 
meter may be used instead of the pelorus. It must be remembered 
when making subsequent computations that the bearing of the shadow 
differs from the bearing of the body by 180°. 

(c) The method of air swinging by celestial azimuths provides an 
excellent means of checking deviation while the airplane is on course 
during a flight mission. The procedure is described in TM 1-206. 

(4) GrTOund swinging of compass. — ^This method is described in 
detail in section IV, chapter 1. 

(5) Finding magnetic heading of airplane from hearing taken vnth 
drift meter on straight stretch of railroad or similar straight terrestriaJ 
hearing line. — This discussion applies particularly when performing 
the computations described in (2)(&)7 above* 

(a) The B-3 drift meter is installed in the airplane so that when the 
family of longitudinal cross hairs on its reticle is parallel to the longi- 
tudinal axis of the airplane the index on the azimuth scale reads 0® or 
180*^. Likewise, when any one of the transverse cross hairs is parallel 
to the longitudinal axis of the airplane, the index will read 90^ or 270^ 
It has been found advantageous to use one of the transverse cross hairs 
when air swinging the compass, because the drift meter can be rotated 
so that the trail angle feature of the field of view may be turned for- 
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ward. This allows the railroad to be picked up in the field well before 
arriving directly over it, and also followed after passing over it. 

(&) It will be noted that the reading of the azimuth scale when the 
transverse cross hair is parallel to the railroad may be one of two angles, 
differing by 180°, depending on which way the drift meter happened 
to be turned when the cross hair was alined on the railroad. It will be 
shown below that it is immaterial which of these two angles was read. 

(g) In figure 86 let AB represent a railroad whose magnetic bearing 
is 9. Also let OH be any heading of the airplane as it crosses the rail- 
road over point O ; and let the circle and grids represent the reticle of 
the B-3 drift meter at the instant the airplane is directly over point 





Figure 86. 



with the transverse cross hair alined on the railroad. / or will be 
the index depending on which way the drift meter is turned. Then 
a or a will be the reading of the drift meter, angle NOH will be the 
magnetic heading of the airplane, and angle p will be the angle be- 
tween the longitudinal axis of the airplane and the railroad. 

{d) Now ZN0H=9-\-p 

But p+a +90^ = 180^ or 

Also ^+a'+90° =360^ or 

^=270^ -a' 

Then ANOH=%^ 90^ ~a (1) 

^ind Z^(9jEr=e+270°-a' (2) 
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(e) The magnetic direction of the railroad from B to A is d+180°. 

Then ZiV6>^=^+180° + 90°-a =d+270^-a (3) 

and Z NOH = 0+ 180° + 270^ - a' = + 450^ - a' (4) 

It will be seen that the four values of NOH in equations (1), (2). 
(3), and (4) differ by increments of exactly 180^. 

(/) Now let it be assumed that the true direction of AB is 60** and 
that the variation at point is lO"" W. ; then the magnetic bearing of 
AB will be 70°. Substituting in (1), (2), (3), and (4), the values 
of ZNOH will be 

ZiV(9Zr=160°-a 
^iV(9fl'=340°-a' 
Z ^0^=340° -a 

(ff) In other words by merely substituting for 6 the magnetic bear- 
ing of the line on the ground in the above equations, we have four 
equations from which the magnetic heading of the airplane can be 
found by substituting in them the drift meter reading for a or a'. 
Ordinarily it will not be known whether the drift meter reading 
obtained is a or a but this will cause no confusion as will now be 
shown, 

(h) In the above example assume that the drift meter reading on 
a certain run is 210° and that the compass reading is 135°, 

ZiV(?^=340°-a 
Z NOH = 340^ - 210° = 130° 
The deviation would be +5°. 

Suppose the formula N0H=5QQ'' — a had been used, then 
ZNOH= 520° - 210^ = 310°. 
But the compass reading was 135°, and a deviation of 175 is 
hardly to be expected. Upon inspection it is seen that the magnetic 
heading of 310° found is exactly 180° from a value near the compass 
reading. Thus no matter which equation is used, the magnetic head- 
ing found will be either the correct one or 180° in error. In practice, 
the equation is selected by inspection which will give a magnetic 
heading near the compass reading. 

{%) A form as shown below will be found useful for tabulating 
the readings and results: 



Formula 


Drift 
meter 
reading 


Magnetic 
heading 


Compass 
reading 


Compass 
deviation 


340°— a 


210° 


130** 


135° 


+ 5° 
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(j) From the above discussion and example the following rules 
for finding the magnetic heading of the airplane from the drift 
meter reading and the magnetic bearing of the terrestrial bearing 
line may be deduced. These rules are primarily of use in air swinging 
the aircraft compass by this method. 

1. Solve the equation <NOH=6+90^—aj where d= magnetic 
bearing of railroad, and a = azimuth reading of drift 
meter. 

If a is greater than add increments of 180'' to 

the value of {6+90'') to make the subtraction possible. 

3. The value of angle NOH found from this equation will be 

either the correct magnetic heading of the airj)lane or 
exactly 180"^ in error. Eliminate this 180° ambiguity by 
comparing the value of angle NOH with the compass 
reading. 

4. Tabulate the results on the form shown above. 

154. Calibration of air speed meter installation. — a. Gen- 
eral. — Calibration of the air speed meter is the process of determining 
the corrections which must be applied to the indicated air speed to 
make allowance for the effect of disturbed air flow around the Pitot 
static head, for characteristics of the air speed tube, and for mechan- 
ical errors of the air speed meter. The calibrated air speed thus 
found is plotted against corresponding values of indicated air speed 
in order to draw the air speed calibration curve. The two methods 
of calibration in general use are by timing over a measured course 
and by use of the trailing static bomb. 

h. Timing over measured course. — This method consists of making 
a series of timed runs over a measured course. A pair of runs is 
made for each indicated air speed, one run with the wind and one 

distance 

run against the wind. From the formula, speed = — — ' speed 

for each run is computed, and for each pair of runs the average true 
air speed is found. Since the air density during calibration is not 
necessarily standard, the true air speed is converted to calibrated air 
speed by a factor which depends on the existing pressure and tem- 
perature. The best results will be obtained under smooth air 
conditions. 

(1) General. — ^Refer to figure 87. The measured course should be 
from 5 to 10 miles in length with open approaches at least 2 miles 
long at each end. Each end of the measured course should be marked 
with two markers set on poles. The line between each pair of mark- 
ers must be perpendicular to the axis of the course and the poles 
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should be at least 400 yards apart. The length of the measured 
course between markers must be accurately known. 

(2) Procedv/re. — (a) An observer is required for each air speed 
meter installed in the airplane and all meters are calibrated 
simultaneously. 

(6) Remove from the pitot static head the correction sleeve (part 
No. 33A4259), if one has been installed, and do not replace. 

{c) Make sure the pilot's altimeter indicates the correct pressui-e 
altitude when the reference marks are both set to read zero. 

{d) Throughout the procedure, pitot heat must be on if there is 
danger of ice forming in the pitot head. 



{e) A constant altitude must be maintained on each run. It is 
common practice to make the runs along the speed course very close 
to the ground to insure maintaining a constant altitude on all runs. 

(/) Observers must record air speed readings, free air tempera- 
tures, pressure altitudes, and the times for each run. 

{g) The first pair of runs is made at maximum allowable r. p. m. 
(or manifold pressure), using the open approach area to ensure 
that a constant speed has been attained before entering the measured 
course. 

{h) The runs are not to be made in the lane bounded by the posts, 
but to one side so that the posts may be lined up by observers to 
indicate the beginning and end of the measured course. 




END TIMING 



B*iGURB 87.^ — Air speed calibration speed course. 
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(i) During the run the pilot must maintain a heading parallel to 
the axis of the speed course as laid out on the ground. This heading 
is maintained regardless of drift. 

(/) At least two observers measure the time interval between the 
lining up of the poles which mark the beginning of the course and the 

CALIBRATION OF AIRSPEED INDICATOR 
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FiGUBB 88. — ^Air speed calibration data. 

lining up of the poles which mark the end of the measured course. 
If only one pole or object marks each end of the course, set the 
pelorus to a relative bearing 90"^ (or 270°) from the head of the 
airplane, and take the time when each object is on the vertical cross 
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hair of the pelorus. The drift meter may be used with equal facility. 

(k) For the second pair of runs the throttle setting is reduced 
to give an indicated air speed 15 to 20 m. p. h. less than the speed 
of the first pair of runs. To insure constant speed on both runs 
at this throttle setting, the throttles should not be moved from the 
time the first run of this pair is begun. 

(Z) A pair of runs is made for additional throttle settings until 
the safe minimum speed is reached. The air speed should be re- 
duced 15 to 20 m. p. h. for each new throttle setting. No special 
effort should be made to calibrate exactly on speeds divisible by five. 
A uniform indication over the entire length of the speed course is 
imperative if reasonable accuracy is to be obtained. 

(m) Data required on the flight (fig. 88) are: pressure altitude 
for each run (column 2 of form); average indicated air speed 
(column 3); time up wind (column 4); time down wind (column 
5) ; and air temperature (column 9). 

(3) Groimd work. — (a) Determine the speed up wind (column 6) 

and down wind (column 7) from the formula: speed in knots = 

distance in nautical miles X 3600 . , , , ni^ 
This can be solved on the E-6B 

time in seconds 

computer. Place length of the speed courses in miles on the miles 
scale opposite time in minutes and decimals of minutes on the min- 
utes scale, then opposite the speed index (the arrowhead shaped 
mark) on the minutes scale read the speed on the miles scale. If 
length of speed course is in nautical miles, speed will be in knots. 

(h) Average results of columns 6 and 7 for each pair of runs 
and record in column 8. This figure is the true air speed. 

(€) Determine calibrated speed for each average in colunm 8 for 
the existing conditions of temperature and pressure. Using E-6B 
computer, set the temperature (column 9) opposite the pressure alti- 
tude (column 2) in the pressure altitude cut-out Opposite the 
average true air speed (column 8) on the miles scale, read calibrated 
air speed (column 11) on the minutes scale. If true air speed is in 
knots, calibrated air speed will be in knots. 

(d) On graph paper plot calibrated speed (column 11) against its 
indicated air speed (column 3) averaged from both runs of the pair. 
Draw in the best representative line. (See fig. 89.) This line should 
be straight. Rough air conditions, erratic timing, and faulty pilotage 
may result in the series of points not plotting as an approximate 
straight line. If the plotted points deviate considerably from a 
straight line, the air calibration procedure should be repeated. 
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(e) From the data of the curve construct a card as shown in figure 
89- For even increments of indicated speed, read from the curve 
the corresponding calibrated speed. On the calibration card, draw in 
a line representing the even increments of indicated speed opposite the 
figure corresponding to the calibrated speeed. If the curve is indi- 
cated miles per hour against calibrated knots, the line on the card 
representing indicated speed in m. p. h. nnist be drawn opposite the 
corresponding calibrated knots. 




Figure SO. — Air speed calibration curve and card. 



G. Trailing static bomb {N. A. 0. A. trailing log). — This assembly 
consists of a master air speed indicator connected by tubing to a 
static head mounted in a small bomb suspended below the airplane in 
flight, and a total head meter which is mounted on a rod extended from 
the fuselage into undisturbed air. The whole assembly is previously 
calibrated in a wind tunnel. The airplane is flown at any altitude in 
level flight and at constant speeds. The readings of the air speed 
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meters installed in the airplane are plotted against the readings of 
the master indicator to draw the air speed calibration curve. 

Calibration hy formation flying. — ^The air speed meter installa- 
tion may be calibrated by flying the airplane in formation with another 
airplane whose air speed meter has been carefully calibrated, Read- 
ings of the two air speed meters must be recorded only when there is 
no relative motion between the two airplanes* 



155. Influence of drift meter. — a. The problems of the preci- 
sion navigator with respect to the triangle of velocities are basically 
the same as those of the pilot-navigator. When conditions are such 
as to compel the precision navigator to use balloon run or predicted 
winds, the manner in which both solve their problems is identical. 
But the precision navigator seldom finds it necessary to resort to me- 
teorological winds for the reason that he has an instrument, the drift 
meter, which permits him to determine the effect of wind at the 
altitude at which he is flying, provided the surface of the earth can | 
be seen. This drift meter not only provides him with accurate in- I 
formation needed to counteract the tendency of the wind to blow the ' 
aircraft off its course but also provides the data necessary to compute 
the ground speed while on any heading. 

&. The methods of determining ground speed in this section are 
confined to those involving the solution of the triangle of velocities. 
The method of employing the drift sight to determine ground speed 
by timing does not directly entail the solution of the triangle of veloc- 
ities. No further explanation of ground speed by timing is given 
in this section as it has already been described in detail in section III. 

156. Definitions. — a. In addition to the definitions given in sec- 
tion VI, chapter 1, there are two definitions of wind angle which the 
navigator must understand: 
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(1) Whenever figure 93 is being used, wind angle is the angle be- 
tween the true course of the aircraft and the wind direction, measured 
to the right or left of the aircraft's course to the direction from which 
the wind blows. This angle never exceeds 180°. (See fig. 90.) 




PiGURD 90. — Wind angle when using ground speed and drift table {fig, 93). 

(2) Whenever figure 100 is being used, wind angle is the angle 
between the true heading of the aircraft and the wind direction, 
measured clockwise from the heading to the direction from which the 




Wind 
anye 




wind ^ 



FiotJBB 91. — Wind angle when determining wind from double drift measurements (fig. 100). 

wind blows. Thus, this wind angle is measured from 0"" to 360°, 
always clockwise from heading. (See fig. 91.) 

h. The precision navigator almost invariably uses distances in 
nautical miles, true speeds in knots, and true directions when solving 
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the triangle of velocities- The reason for using nautical-mile units 
is the fact that 1 minute of latitude equals 1 nautical mile, and the 
latitude scale is the one used in measuring distances on the chart. 
The reason for using true directions is to avoid the confusion which 
often results from solving the triangle with one vector expressed as 
a true direction (usually the wind) and the others as magnetic or 
compass directions. No inconvenience or loss of time ensues from 
using vectors expressed in nautical-mile units and with respect to 
true north. To aid him in distinguishing between the various di- 
rections and speeds, the navigator has his log sheet, adequately col- 
umned, always available. 

157. Usual problems of precision navigator. — a. A review of 
the triangle of velocities described in section VI, chapter 1, will show 
that the triangle is composed of the following three vectors: 

Wind direction and force. 

Heading and air speed. 

Track (or course to be made good) and ground speed. 
&. Comprising the three vectors listed above are three directions 
and three speeds. If any two directions and any two speeds are 
known, the two remaining quantities may be determined by solving 
the triangle of velocities. The navigator is not normally concerned 
with solutions involving all possible combinations of two known 
directions and two known speeds. However, he is concerned with 
the solution of the triangle when certain of these combinations are 
known. 

c. (1) The three most conunon problems with which the precision 
navigator must cope are — 

(a) Given: Course to be made good and true air speed. 

Find: Ground speed and true heading. 
(6) Given: Course to be made good and scheduled ground speed 
which must be maintained. 
Find: True air speed and true heading. 
{fi) Given : Heading and true air speed. 

Find : Track and ground speed. 
(2) The solutions of the three preceding problems require a knowl- 
edge of the wind direction and force as an intermediate step before 
the required quantities may be found. Although this wind infor- 
mation may be secured from available meteorological data, that is 
not the usual source. Rather, the wind is determined by the navi- 
gator in flight by a method known as the double drift or drift on 
multiple-headings method. This method requires an understanding 
of the proper way to combine the headings, air speeds, and drift 
angles of two triangles of velocities for the purpose of determining 
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wind and ground speed. Obviously, it is essential that the navigator 
understand the solution of a single triangle before he attempts to 
combine two or more. Therefore, the method of determining wind 
in flight will not be described until the student has complete grasp 
of the solution of the single triangle, 

(3) The navigator occasionally finds it necessary to solve the tri- 
angle when the given and required quantities are different from 
those listed in (1) above. Included among the examples which 
follow in this section are a few of the uncommon problems. 

(4) Referring to the three problems in (1) above, the precision 
navigator has no difficulty in finding the true heading necessary to 
make good a required course ; nor is he troubled in finding the course 
being made good while the aircraft is flying a constant heading. He 
simply reads the drift as indicated by the drift meter and applies 
this angle (drift or drift correction) with proper sign to the known 
direction in order to find the unknown. Finding the ground speed 
when the air speed is given and finding the air speed which must 
be maintained to make good a scheduled ground speed are not so 
simple. 

158. Methods of solving vector triangle. — The triangle of ve- 
locities may be solved — 

a. By construction. — This is principally a classroom method and 
provides an excellent means of illustrating the principles involved. 
It is a laborious method and therefore is seldom used in the air or at 
any other time when quick results are desired. 

h. By computer. — This is essentially the same as solving by con- 
struction. However, it is distinguished by the fact that few if any 
construction lines need be drawn as they are already incorporated 
on the computer. The standard Air Corps computer is the type E-6B. 
This computer provides a rapid solution and is most frequently used 
for preflight planning and during flight. 

c. By tables. — Tables provide an alternate means when computers 
are not available. Tables are distinguished by their cheapness and 
the ease with which they may be reproduced. They are faster than 
solving by construction but slower than the computer. 

159. Problem No. 1. 

Given : Wind force and direction 30 knots from 315*^. 
Heading (true) 165^. 
Air speed (true) 180 knots. 
Find : Track. 

Ground speed. 

a. Solution hy construction. — ^The procedure in solving by construc- 
tion is similar to that used in paragraph 486. 



201 




Oriqinal from 
UNIVERSITVoF CALIFORNIA 



TM 1-205 
l5d 



AIR CORPS 



&. Solution hy E-6B computer, — (1) When using the E-6B com- 
puter to solve problems in which heading is given, the center line 
of the chart is used to represent the heading line. Hence, air speeds 




FIGURE 92. — Problem No, 1 (par. 159). 



will be measured along this center line. The track (course) line will 
be one of the radiating lines to the right or left of the center line, 
and ground speed will be indicated along this radiating line. The 
drift, being measured from heading to track (course), will be read 
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from the center line to the right or left to the track (course) line. 
In this type of problem the wind must be plotted from the center 
of the plotting disk straight down the center line of the chart. The 
tail of the wind arrow is at the center of the disk. 

(2) Refer to figure 92. Turn compass rose to read 315°, the direc- 
tion from which the wind is blowing, at "true index." Plot wind 
arrow from center of plotting disk straight down center line of chart 
30 units according to scale of center line. Set heading (165°) at 
true index and slide chart to read air speed (180 knots) at center 
mark of transparent disk. At end of wind arrow read from radiat- 
ing track (course) lines and speed circles of chart the drift (4*^ L.) 
and ground speed (206 knots). Opposite 4^ left on drift and varia- 
tion scale read track (161° true). 

(3) In solving vector triangles on the E-6B, it infrequently occurs 
that the end of one of the vectors falls off the transparent disk, thus 
preventing solution unless half -hour vector lengths are used instead 
of hourly lengths. When this occurs, the proper procedure is to 
divide the lengths of all known vectors by two before setting up on the 
computer. All vectors resulting from the solution will be read at 
one-half their true values. Throughout this procedure, angles must 
not be reduced to one-half value. If any vector- falls off the plotting 
disk when reduced to half-hour lengths, the problem may be worked 
by reducing all vectors to quarter-hour lengths. 

c. Solution by tables in figure 93. — (1) One of the entering argu- 
ments when using this table is wind angle measured to the right 
or left from course as described in paragraph 126a (1). As the 
course is not given, the navigator in flight must first determine the 
course being made good by applying the drift as read from the drift 
sight to the given heading. If the problem is not solved in flight, 
no great error will result when computing wind angle by assuming 
that the heading and the course are the same. This assumption is 
acceptable except under conditions of extreme divergence of course 
and heading lines. 

(2) Assume drift is measured as 4° L. Then the course being made 
good is 161*^. The wind angle is 315^-161^ = 154^, which for con- 
venience in entering the table will be considered 155^. Select that 
section of the table which is headed "air speed 180 knots.'' In the 
wind column marked 30 knots and along the line marked wind angle 
155° (interpolating between 150** and 160^), read wind correction 
(4°) and ground speed (206 knots). To determine whether the 
drift correction should be added to or subtracted from the course, 
the recommended procedure is to draw a free-hand sketch of the 
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course and wind direction. The sign of the correction will thus be 
made readily apparent. A sketch shows the drift correction in the 
example to be positive (plus), making the heading 165^, which checks 
with that given in the problem. 

(3) In using this table, interpolations by eye may be made, de- 
pending on the degree of accuracy desired. 

(4) From the foregoing discussion, it will be seen that the ground 
speed and drift tables are ill-suited for solving problems in which 
the heading but not course is known. For this reason, the table 
finds its greatest application as a means of precomputing ground 
speed and heading for a desired course and air speed. Tables simi- 
lar in arrangement to those shown in figure 93, but so constructed as 
to tabulate wind angle measured from heading instead of from 
course, have been published. This problem (No. 1) can be solved 
readily by such tables because it is not necessary to estimate or meas- 
ure the drift first as was necessary when using the tables shown in 
figure 93. These "wind angles from heading" tables have been 
omitted from this manual for two reasons : first, the problem can be 
solved accurately and easily on the E-6B computer ; and, second, the 
tables in figure 93 will solve the problem accurately when the course 
(or the heading and drift) is known beforehand, and approximately 
when the heading is known but the exact drift is unknown. 

160. Problem No. 2. 

Given : Wind force and direction, 40 knots from 90°. 
Course to be made good, 215°. 
Air speed (true) , 160 knots. 
Find: Heading (true). 
Ground speeds 

a. Solution hy construction. — ^The procedure in solving by construc- 
tion is similar to that used in paragraph 456, 

&. Solution hy E-6B computer. — (1) When using the E-6B com- 
puter to solve problems in which course to be made good or track is 
given, the simplest procedure is to use the center line as the course 
I (track) line. Ground speed will then be measured along the center 
I line. The heading line will be one of the radiating lines to the right 
! or left of the center line, and air speed will be indicated along the 
radiating line. The drift, being measured from heading te track, 
I will be read from the radiating heading line to the right or left to 
the course (track) line which will be the center line of the chart. In 
solving problems in which the center line represents course (track) , 
the wind must be plotted to the disk center from a point on the chart 
center line vertically above it. The head of the arrow is at the center 
of the disk. 
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(2) Refer to figure 94, Set compass rose to direction from which 
wind is blowing (90'' true) and plot wind to center from a point 40 
units above it. Set course (215*^ true) opposite true index. Move 




Figure 94. — Problem No. 2 (par. 160). 

chart until tail of wind arrow falls on true air speed (160 knots) as 
indicated on concentric circles. Read ground speed (180 knots) 
at center of disk. Read drift (12° R.) at tail of wind arrow. Since 
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the drift is 12^ R., a true heading of 215° — 12° = 203° must be flown 
to make good the given course. 

c. Solution hy tables in figure 03. — The wind angle measured from 
course is 125°. Select that section of the table which is titled air 
speed 160 knots. Enter this table with wind (40 knots) and wind 




.FiGURK 95. — Problem No. 3 (par. 161). 



angle (125°) as arguments. Extract ground speed (180 knots) and 
drift correction (12°). Determine sign of this correction by drawing 
a free-hand sketch. The drift correction to be applied to course will 
be negative (minus) ; therefore, the true heading is 215° -12° =-203°. 
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161. Problem No. 3. 

Given : Wind force and direction, 20 knots from 260®. 
Course to be made good, 340^ true. 
Scheduled ground speed, 150 knots. 
Find: Heading. 

Air speed (true) to make good scheduled ground speed. 
a. Solution hy construction. — ^The solution by construction is made 
in accordance with the principles laid down in section VI, chapter I. 

5. Solution hy E-6B computer. — Refer to figure 95. Set compass 
rose to direction from which wind is blowing (260° true) and plot 
wind to disk center from point 20 imits above it, marking head of 
wind arrow at center of disk. Set course to be made good (340°) 
opposite true index. Move chart until ground speed (150 
knots) is under center of disk. At tail of wind arrow read air 
speed that must be maintained (154 knots) and drift (7° R.). The 
drift correction to be applied to course will be —7*^; therefore, the 
true heading will be 340° -7^ =-333° true. 

c. Solution hy tables in -figure 93. — Although the problem may be 
solved by this table, the solution is extremely awkward because of the 
way in which the table is arranged. For this particular problem 
the three entering arguments will be wind force, wind angle, and 
ground speed; and difficulty will be experienced with the ground 
speed argument. The solution by this table, being impractical, is 
omitted. 

162. Ground speed and wind by double drift. — a. Prinoiple.— 
A principle of vectors states that if the drift and air speed on two 
or more headings are known, the wind may be ascertained. The 
air navigator employs this principle to obtain the wind information 
so essential in determining ground speed. 

h. Advantages and disadvantages. — The double drift method of 
determining ground speed has certain advantages over the ground 
speed by timing method: first, it is independent of the altitude 
of the aircraft above the surface of the earth; second, it can be used 
when flying at very low altitudes when the ground speed by timing 
method might be difficult. When using the ground speed by timing 
method at low altitudes, a small error in determining the absolute 
altitude causes a large error in ground speed calculations. The dis- 
advantages of the double drift method are: first, it depends on 
knowing the true air speed; and, second, it requires that the air- 
craft be turned from the on-course heading for short intervals. 

c. Procedure (fig. 96). — (1) The procedure for taking a double 
drift is as follows : 

{a) Record true air speed while flying the on-course heading. 
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(b) Take up a heading 45'' to right of on-course heading and read 
drift, 

(c) Make a 90° left turn so that heading of airplane is 45° to left 
of on-course heading and read drift 

(d) Resume on-course heading, 

(e) Precaution: Care should be taken to maintain straight and level 
flight at a constant air speed while on the aforementioned headings. 
The length of time the airplane should be held on the second leg 
should be so estimated that when the on-course heading is resumed, 
the airplane will be making good the desired course. It is common 
practice to remain on the left leg the same length of time as was spent 




Figure 96. — Taking a double drift. 

on the right leg. This procedure is mathematically incorrect, but the 
error is slight if the airplane has been turned off the on-course heading 
not more than 2 or 3 minutes on each leg. 

(2) It is advisable although not essential to fly alternate headings 
of 45° on either side of the on-course heading. 45° legs are necessary, 
however, if the tables in figures 99 and 100 are to be used in reducing 
these data. By obtaining drift on two headings separated by 90° 
a good vector intersection is assured as will be seen. 

d. Example. — Assume the navigator of an aircraft to have taken 
a double drift under the following conditions : 
Given: On-course heading, 60° true. 
Air speed (true), 120 knots. 
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On 45^ right leg, drift was 15° L. 
On 46° left leg, drift was 5° R- 
Find : Ground speed on course being made good while flying 
the on-course heading. 
Wind force and direction, 
(1) Solution by construction (fig. 97). — (a) The solution by con- 
struction is sometimes referred to as the wind star method. Draw 
a circle witJi radius equal to air speed (120 knots). Draw AO repre- 
senting original heading (60°). Draw BO representing heading 
while on right leg (105°). Draw CO representing heading on. left 



leg (15°). From B draw an indefinite line BX so that angle OBX 
is equal to drift on right leg (15° L.). From C draw CY so that 
angle OOY is equal to drift on left leg (5° R.) . BX and BY intersect 
at W. Draw OW. The length of OW represents the wind force 
(38 knots). The wind direction is OW (from 215°) with the head 
of the wind arrow at TF. AW is the ground speed (156 knots) while 
fiying the on-course heading. Angle OAW is the drift (6° L.) while 
holding the on-course heading. 

(&) The drift and ground speed while on any other heading such 
as DO will be the angle ODW and the length DW^ respectively. 



6 




c 

FiouBB 97. — Double drift solution by construction. 
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(c) It is apparent that if a construction diagram is drawn, the 
double drift legs need not be flown 45*" to the right and left of the 
on-course heading so long as the actual headings are recorded and 




FiGuuE 98. — Double drift on E-6 B computer, 

correctly plotted. Also the radius of the air speed circle may be the 
air speed for only a portion of an hour, in which case the wind 
force and ground speeds measured from the diagram will be for 
the same part of an hour. 
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(d) In analyzing figure 97 it will be found of assistance to imagine 
3 airplanes leaving and C simultaneously and heading for at 
the same air speed. Under no-wind conditions they would meet at 
O at the end of 1 hour. Under the prevailing wind conditions they 
will meet at TT. 

(2) Solution hy ESB computer (fig. 98). — {a) Set air speed 
(120 knots) at center of disk. Set 60° on compass rose opposite 
45° on drift left scale. It will be noted that in this position the 
heading of the right leg (105°) will fall opposite the true index; 
in other words, the center line will represent the right leg heading. ; 
Trace on disk a line of indefinite length over radiating line repre- | 
senting 15° L. drift, the drift measured on the right leg. Rotate 
disk until 60° on compass rose is opposite 46° on drift right scale. 
It will be noted that in this position the heading of the left leg 
(16°) will fall opposite the true index; in other words, the center 
line will not represent the left leg heading. Mark the point where 
the 5° R. drift line of the left leg heading intersects the 15° L. 
drift line on the right leg. This is the wind point. As in figure 98, 
rotate plotting disk to bring wind point vertically below center of 
disk (on chart center line) and read direction from which wind 
is blowing (216° true) at true index. The force of the wind (38 
knots) is read from the center line scale. To find drift and ground 
speed while maintaining on-course heading, set compass rose with 
on-course heading (60°) opposite true index. Read ground speed 
(166 knots) from concentric circle scale and drift (6° L.) from 
radiating lines. This drift should correspond to that actually meas- 
ured with the drift meter while the airplane is on the on-course 
heading. This third drift measurement serves as a check on ac- 
curacy. 

(&) It is apparent from the foregoing that 45° turns need not have 
been made, since the intersection of the drift lines from any two 
headings will suffice to indicate the wind point. Positive assurance 
of an accurate wind measurement can be gained by reading the drift 
on three headings, thus forming a reasonably small '^triangle of clos- 
ing" whose center may be taken as the wind point. ' 

{g) Having determined the wind, the ground speed and drift on any 
heading may be determined as described in paragraph 169. 

(3) Sohition hy tables in figures 99 and 100. — {a) General. — ^The 
table in figure 99 is used to determine the ground speed factor. The 
table in figure 100 is used to determine the wind. Legs 45° to the right 
and left of the on-course heading must be flown. If the drift on either 
leg is greater than 20° the tables cannot be used. In both tables, the 
abscissa applies to drift measurements on the right leg, the ordinate to 
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drift measurements on the left leg. The columns to the right of the 
vertical center line of each table contain left drifts (+ drift correc- 
tions) on the right leg. The columns to the left of the vertical center 
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line contain right drifts ( — drift corrections) on the right leg. Simi- 
larly, the right ( — drift corrections) and left (+ drift corrections) 
drifts for the left leg lie below and above the horizontal center line. 
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respectively. It must constantly be borne in mind that the signs refer 
to drift corrections and the names to drift. 

(b) Groimd speed. — Entering table in figure 99 find the column 
marked ''left ( + ) 15° for the right leg." Locate the intersection of 
this column with the line marked "right ( — ) 5° for the left leg." The 
factor at this intersection is 1.30. Multiply this factor (1.30) by the 
true air speed (120 knots) to obtain ground speed (156 knots) while 
on the on-course heading. The factor is always applied to the true air 
speed. The foregoing example serves to show that the ground speed 
was obtained without actually determining the wind. (Fig. 100.) 

(c) Wind. — Entering table in figure 100 find the box corresponding 
to the two drifts, left ( + ) 15^ and right ( — ) 5°, as above. The 



the table, the wind direction is 60° + 160° =220^. The wind angle is 
always added to the true heading. The wind force is the factor (.32) 
multiplied by the true air speed (120 knots). The wind force is 37.5 
knots. 

(d) Accuracy. — ^Assuming errorless drift and air-speed recordings, 
the accuracy of the results obtained by the tables in figures 99 and 100 
is as follows : 

Ground speed, within ^ percent. 
Wind direction, within 6*^. 
Wind force, within percent. 
163. Wind from groimd speed measurements. — a. Applica- 
Hon. — ^Usually, if the ground speed can be determined so can the 
heading and the track, which would be sufficient to determine the 
wind at once by constructing a simple vector diagram or by using 
the tables or the computer. However, there are occasions, such as 
at night or when flying a radio range, when only an approximate 
heading is maintained, while fairly accurate ground speed measure- 
ments are obtainable by timing between lighted cities, marker bea- 
cons, intersections of radio ranges, etc. In such cases the method 
to be illustrated may give a useful plot of the wind point. The air 
speed must be kept constant to obtain accurate wind. 
b. Example. 

Given: Air speed (true), 120 knots. 

Groimd speed, 134 knots on true heading of 171*^. 
Ground speed, 98 knots on true heading of 95°. 
Find: Wind force and direction. 
(1) Solution by construction (fig. 101). — The wind-star diagram 
is employed in this construction as in the double-drift solution. 
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Draw a circle with radius equal to the air speed (120 knots). From 
the center O draw AO and BO representing the two headings, 171*^ 
and 95°, respectively. From A swing an arc MM' whose radius is 
equal to the ground speed (134 knots) while flying the 171° heading. 
From B swing an arc NN' whose radius is equal to the ground speed 
(98 knots) while flying the 95° heading. These tVo arcs intersect at 
Tf, the wind point. 6>Tr is the wind direction (58°) with the head of 
the arrow at TF. The length of OW represents the force (30 knots) 
of the wind to scale. 



(2) Solution hy E-6B computer (fig. 102). — Set chart to read air 
speed (120 knots) under center of disk. Set compass rose at each of 
headings, 171° and 95°, in turn, and at each setting trace on disk an 
arc of appropriate ground speed circle; the intersection of the two 
arcs in the wind point. Orientate wind point vertically below center 
of disk to read wind direction (from 58° true) at true index. Read 
wind force (30 knots) from center line scale. 

(3) Solution hy tables in figure 93. — This problem cannot be con- 
veniently solved by these tables because the wind angle is unknown. 

164. Off-course corrections. — a. Application, — The use of so- 
called off-course correction tables or diagrams has little application 



6 




Figure 101. — Wind from ground speed measurements. 
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to precision dead reckoning. A navigator who discovers himself to be 
so many miles to the right or left of his course has simply to plot 
the fix on his chart, draw a new course line from the fix to his desti- 




Fnjriii: 102. — Wind from ground speed on E-(jB c oniputpr. 

nation, and fly a heading which will make good the new course. It 
may so happen, however, that the fix and the destination lie on differ- 
ent charts, in which case it may be convenient to use the off-course 
correction method. 
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&. Basis of tables. — Off-course correction table (fig. 103) and dia- 
grams are based on the assumption that a change in heading produces 
the same change in track. This assumption is mathematically incor- 
rect because any change in heading results in a change in the drift 
effect of the wind. However, when only small corrections to heading 
are made, the assumption may be considered as being substantially 
correct. 

c. Eosample. — The navigator of an airplane flying a true heading of 
90^ obtains a fix. The fix is 80 nautical miles from the point of de- 



MILE5 
FLOWN 



MILES OFT COURSE 



10 



15 20 25 30 40 50 



COMPASS CORRECTION TO FVkRAUEL TRACK COURSE 



10 


6^ 


12' 


17* 


24* 


30" 


37* 


a4 


53** 


64' 


90' 


— y 


o 


— z 


5" 


— z 


— V 


20 


3 


6 


9 


12 


14 


17 


20 


24 


27 


30 


49 


90 










30 


2 


4 


6 


6 


10 


12 


14 


15 


17 


19 


30 


42 


56 


90 






40 




3 


4 


6 


7 


9 


10 


12 


13 


14 


22 


30 


39 


49 


90 




50 




2 


3 


5 


6 


7 


6 


9 


10 


12 


17 


24 


30 


37 


53 


90 


60 




2 


3 


4 


5 


6 


7 


6 


9 


10 


14 


19 


25 


30 


42 


56 


70 




2 


3 


3 


4 


5 


6 


7 


7 


6. 


12 


17 


21 


25 


35 


46 


60 




1 


2 


3 


4 




5 


6 


6 


7 


II 


14^ 


16 


22 


30 


39 


90 




1 


2 


3 


3 


4 


4 


5 


6 


6 


10 


13 


16 


19 


26 


34 


100 




1 


2 


2 


3 




4 


5 


5 


6 


9 


12 


14 


17 


24 


30 


IK) 




1 


2 


2 


3 


3 


4 


4 


5 


5 


6 


10 


13 


16 


21 


27 


120 





1 


1 


2 


2 


3 


3 


4 


4 


5 


7 


10 


12 


14 


19 


25 


130 





1 




2 


2 


3 


3 


4 


4 


4 


7 


9 


II 


13 


18 


23 


140 





1 


1 


2 


2 


2 


3 


3 


4 


4 


6 


6 


10 


12 


17 


21 


150 





1 


1 


2 


2 


2 


3 


3 


3 


4 


6 


6 


10 


12 


15 


19 


160 





1 


1 




2 


2 


3 


3 


3 


4 


5 


7 


9 


II 


14 


16 


170 







1 




2 


2 


2 


3 


3 


3 


5 


7 


6 


10 


14 


17 


160 





1 


1 




2 


2 


2 


3 


3 


3 


5 


6 


6 


10 


13 


16 


190 











2 


2 


2 


2 


3 


3 


5 


6 


6 


9 


12 


15 


200 





1 


1 




1 


2 


2 


2 


3 


3 


4 


6 


7 


9 


12 


14 



Figure 103. — Correction for distance off-course table. 

parture and 6 miles to the right of the desired course. What is the 
correction to parallel the course? What is the total correction neces- 
sary to converge on his destination which lies 100 nautical miles 



(1) Solution hy table in -figure 103. — ^Find intersection of 6 miles 
-course column with 80 miles-flown line. The correction to parallel 
the course is 4*^. Since the airplane is to the right of the desired 
course the correction is negative. Now, find intersection of same 
column with the 100 mile line. The additional correction to converge 
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on the destination is S"", also negative. The total correction is there- 
fore -7^. 

(2) Solution hy E-6B computer (fig. 104) —The compass rose may 
be in any position during the following procedure but must remain 
unmoved throughout. Place rectangular grid under plotting disk and, 
pencil mark a line from center 6 miles to right (perpendicular to 
center line of chart). Eeverse chart and set distance flown (80 miles) 
under center of plotting disk. Read drift (4° R). Since the drift is 
4'' R.5 the heading must be altered 4"" to the left to parallel the desired 
course. To converge on the destination set the distance to go (100 
miles) under the center. Read additional correction needed to con- 
verge (3V^°). The total correction necessary to converge is — 6i^°. 



165. Influence of instruments. — The precision navigator pos- 
sesses the freedom of action and the instruments whereby he is able 
to determine his position by bearings with far greater frequency and 
accuracy than the pilot-navigator. These instruments are the pelorus, 
the drift meter (type B-3 or similar), and the rotatable loop radio 
compass. 

166. Definitions (fig. 105). — a. Bearing. — (1) Bearing is the di- 
rection of one object from another expressed as an angle measured 
clockwise from the north. Bearings are truei bearings unless other- 
wise specified. 

(2) Magnetic bearing is true bearing with variation applied, i. e., 
the bearing measured from magnetic north. 

(3) Compass bearing is magnetic bearing with deviation applied, 
i. e., the bearing measured from the compass north. 

(4) Relative bearing is the direction of an object expressed as an 
angle measured clockwise from the true heading of an aircraft. 

(5) Reciprocal bearing is the bearing ± 180^. It is sometimes 
called reverse bearing. 

&. Lvne. — If the bearing of a landmark or a radio station from an 
airplane is measured at any instant, and this bearing line is correctly 
drawn upon the navigator's chart, this line will be the locus of the 
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possible positions of the airplane at that instant. This line is called 
a line of position (LoP). The time of the bearing is always written 
along the plotted line. 

c. Fix. — fix is the intersection of two or more lines of position or 
^bearings taken at or reduced to the same instant of time. A fix is 
indicated on a map or chart : © 0900 GCT or 0900 GCT. A fix may 
be obtained from two or more intersecting terrestrial, celestial, or 
radio bearings, or any combination thereof. Fixes involving celestial 
lines of position are beyond the scope of this manual. 

167. Line of bearing a great circle arc. — a. The line of bearing 
between an observer and a terrestrial (or celestial) object is an arc of a 




Figure IO.j. — Bearing and line of position. 

great circle because the line of sight follows the path of the shortest 
distance between the two. Radio bearings also follow the great circle 
path. A problem arises, then, of how to plot these great circle paths 
on the Mercator chart, the universal work sheet of the precision navi- 
gator. In the case of a terrestrial bearing, the range of the eye is 
comparatively short (seldom greater than 100 miles, usually much less, 
depending on visibility), and the deviation between the great circle 
arc and the rhumb line joining the observer and the bearing point may 
be considered negligible. A visual bearing may therefore be plotted 
as a straight line on the Mercator chart without rectification. 
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h. A radio bearing, on the other hand, may be taken when the dis- 
tance between the observer and the station is several hundred miles, in 
which case considerable deviation may exist between the great circle 
path and the rhmnb line joining the two. In this event, a correction 
must be made to convert the great circle bearing to a rhumb line before 
it can be plotted. Of course, an expedient would be to use a gnomonic 
chart whereon the bearing line would be a straight line ; but, neverthe- 
less, a problem would still exist because a special protractor would have 
to be carried for each bearing point. Also, a bearing taken with the 
radio compass is subject to radio compass deviations just as the mag- 
netic compass suffers deviational errors due to the aircraft's magnetism. 
Both of these differences between radio and visual bearings are de- 
scribed in detail in section X. The point to remember is : after a radio 
bearing has been corrected for radio compass deviation and rectified 
from a great circle arc to a rhumb line, it is treated exactly as a^ 
terrestrial bearing. 

168. Taking and plotting a bearing. — a. Known point. — One 
of the most difficult facts for the beginner to grasp is that a bearing 
line must be plotted from a known point. Therefore, prior to taking 
a bearing the navigator must assure himself that the bearing point 
appears on the chart or, at least, that its coordinates are to be found in 
one of the publications carried in his kit. A bearing taken upon a 
point whose position is unknown is worthless. 

6. Taking the hearing. — The azimuth scales of current type pelo- 
ruses, drift meters, and radio compasses are arranged in such a manner 
as to render it far less confusing if the navigator measures relative 
bearing. Relative bearing is later changed to true bearing as will be 
shown. When taking a bearing the azimuth plate should be leveled, 
otherwise erroneous angular measurement will result. Having taken 
the bearing, the time thereof should be noted immediately. 

G. Plotting. — (1) Since the bearing line must be plotted from the 
bearing point, a work form similar to that which follows will be of 
considerable value^ especially when more than one bearing is taken 
before any is plotted. 

BEARING WORK FORM 



Bearing point (name or location) 

Time of bearing 

Relative bearing (by pelorus or drift meter) 

True heading of airplane (from log) 

True bearings of bearing point from plane. To ob- 
tain: always add (3) and (4) 1 

Add or subtract ISO"" to obtain (7) 

True bearing of plane from bearing point 



180° 



180° 



180° 
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(2) Having computed the bearing of the plane from the bearing 
point, the navigator places his protractor at the location of the bear- 
ing point on the chart, draws in the bearing line or line of position 
of the airplane, and on it records the time. This line is the line of 
position of the airplane for the given instant. Some navigators 
omit steps (6) and (7) and plot the bearing line by zeroing the 
360° protractor on south and plotting the direction recorded in (5). 
This method is just as correct as the one given above. 

d. Rcmge hecBrmg. — ^The expression "range bearing" is often mis- 
understood. If the navigator at any time finds the airplane to be 
in line with two terrestrial points which appear on his chart, ob- 
viously, he need not measure an angle and go through the process 
described in c above in order to lay down a line of bearing. He 



simply draws a line of indefinite length through the two points on 
his chart. This is his line of position. Similarly, the on-course 
signal of a radio range system is a range bearing because it estab- 
lishes the airplane as being somewhere on a line which is already 
plotted on the map. Hence, a range bearing simplifies the procedure 
of laying down a line of position. . 

169. Fixes from bearings. — a. Number used. — (1) When two 
or more bearings are used to determine a fix, the bearings should 
differ by at least 30° to assure positive intersection. 

(2) A fix resulting from three bearings is more reliable than that 
obtained from only .two bearings. The three bearing lines will 
form a triangle of closing, and the airplane is considered as being 
at the center of the triangle. (See fig. 106.) 



Fix 



C 




FiouBE 106. — ^Fix by three simultaneoas bearings. 



224 




Oriqinal from 
UNIVERSITY OF CALIFORNIA 



Am NAVIGATION 



TM 1-205 
169 



b. Simultcmeous and rimmmulta/neoris hearings. — ^It is physically 
impossible to take two bearings simultaneously with a single instru- 
ment. However, with practice, some navigators become so adept in 
manipulating the instrument that the elapsed time between bearings 
on two different points may be neglected. In this case, the fix is 
plotted as illustrated in figure 106. Usually, however, an appreciable 
length of time intervenes between bearings and, if so, the run of 
the airplane must be considered before the fix can be determined. 
Under these circumstances the navigator makes what is known as 
a running fix. 

c. Running -fix. — (1) The running fix is the resulting intersection 
after all bearing lines of a group have been resolved to a common 
instant of time. The instant of time chosen is customarily that of 
the last bearing of a group. To make the running fix, each earlier 
bearing line must be moved forward parallel to itself a distance 
equal to the ground distance traveled during the interval which has 
elapsed between the time of the bearing and the time of the fix. 
This distance is always measured along the track or a line parallel 
to it. Hence, the accuracy of a running fix depends on the naviga- 
tor's knowledge of his ground speed and track. (The navigator 
assumes that his track is parallel to the intended course. He is 
not certain he is making good this course, for if he were, there would 
be no need for making the fix.) By avoiding long runs between 
bearings the navigator can minimize the effect of errors resulting 
from incorrect measurements of ground speed. 

(2) Kunning fixes may be secured from bearings on two or more 
different bearing points or from two bearings on the same point. 
The following examples serve to illustrate the method: 

{a) Eaximple No. 1 (fig. 107). — ^Point B is 15 nautical miles and 
bears 170° from point A. An airplane is on a true course of 230°. 
The drift correction is +10^, making the true heading 240°. The 
ground speed being made good is 120 knots. At 0900 GOT the navi- 
gator takes a sight on A and finds it to have a relative bearing of 
50° from the plane. At 0903 GCT he sights on B and finds it to 
have a relative bearing of 323° from the plane. Required : Distance 
and bearing of plane from B at 0903 GCT. The construction is 
shown in figure 107. At 0903 the plane is 6 nautical miles and bears 
23° from point B. 

(6) Example No. 2 (fig. 108). — An airplane is on a true course of 
345^. +26° drift correction is being carried, making the true head- 
ing 10^. The G. S. being made good is 120 knots. The navigator 
takes sights on a distant peak. At 1000 GCT the peak has a relative 
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bearing of 46° from the plane. At 1018 GCT the peak has a relative 
bearing of 90°. Required: Distance and bearing of the plane from 
the peak at 1018 GrCT. The construction is shown in figure 108. 
At 1018 the airplane is 47 nautical miles and bears 280° from the 
peak. 




FiGURS 107. — ^Flx by nonslmultaneous bearings. 



170. Wind direction and force from bearings. — a. Proce- 
dure. — In this method the airplane is flown over some definite object 
and the heading held constant for a definite length of time at the 
expiration of which a new heading, preferably 90^ to the first, is 
assumed. The bearing of the object from the airplane is measured 
at any time while the airplane is on the first heading. The time of 
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turning to the second heading is recorded. At any convenient in- 
stant after assuming the second heading, the bearing of the object 
is again measured and the time recorded. The following example 
illustrates the method of solution. 

h. Example. — (1) Factors. — ^An airplane on a heading of 270° and 
maintaining a constant true air speed of 120 knots passes over a small 
patch of burning grass at 2200 GCT. At approximately 2205 GCT 
the navigator reads the relative bearing of the burning patch to be 
175°. At 2206 GCT he takes up a heading of 0° and at 2210 GCT 



reads the relative bearing of the burning patch as 115°. Required: 
Wind direction and force. 

(2) Solution (fig. 109). — Let A represent the bearing point. Draw 
AX (270°) representing the first heading. Find the no-wind 
position of the airplane at 2206 GCT. AB = ^ minutes at 2 nautical 
miles per minute =12 nautical miles. Draw BY (0°) representing 
the second heading. Find the no-wind position of the airplane 
at 2210 GCT. BC=Al minutes at 2 nautical miles per minute =8 
nautical miles. Find Z>, the no-wind position of the airplane at 2210 
GCT had it continued to remain on the first heading. BD = S nau- 
tical miles. Draw DW so that angle XDW (176°) is the relative 




,9 



N. 



Figure 108. — Fix by two bearings on one landmark. 
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bearing measured on the first heading. Draw GW so that angle 
YGW (115^) is the relative bearing measured at 2210 GCT from the 
second heading. DW and intersect at TT. represents, in 

direction and length, the direction and force of the wind for 10 min- 
utes (2.2 nautical miles from 28**), making the hourly wind 13.2 
knots from 28^. It should be carefully noted that the head of the 
wind arrow is always at A. 

c. Gonditions. — Conditions under which the foregoing method may 
be applied are — 

(1) To fimd the wind by radio bearings on a station when the 
airplane is above an overcast. 

(2) To find the wind at night when the airplane flies over a single 
lighted object. (Under these circumstances, if the absolute altitude 



FIOUBB 109. — Wind by bearings. 

is known, the preferred procedure is to use the timing method to 
find the ground speed. Then knowing ground speed, air speed, and 
the direction of the track and heading lines, the wind may be found.) 

(3) To find the wind when circumstances preclude using methods 
other than the one illustrated. 

Section VII 
DEAD RECKONING PROCEDURE 

Paragraph 

Factors influencing procedure 171 

Teamwork 17- 

Navigator*s log 173 

Position reports 174 

Preflight preparation 17r) 

Upon crew taking positions in airplane 176 
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Paragraph 



Take-off 

Approach to point of departure 

Over point of departure 

After leaving point of departure and while flying first course 

Upon arrival at end of first leg 

Succeeding legs 

Reorienting on fixes 

Follow the pilot procedure 

When ground is not visible 

After fiight 



177 
178 
179 
180 
181 
182 
183 
184 
185 
186 



171. Factors influencing procedure. — a. The planning and the 
execution of the navigational requirements of a flight mission are in- 
fluenced by a number of factors, among them being the extent and type 
of the mission, the instruments and equipment available, and the con- 
ditions actually encountered as the flight progresses. The exacting 
demands placed upon aerial navigators have led to the development 
of a procedure designed to minimize the chance of personal errors. It 
should be borne in mind, however, that no hard and fast set of rules 
which v^ill meet the requirements of every situation can be prescribed. 
Although the general principles of procedure remain the same, their 
application may and should be varied to meet the needs of the 
particular situation. 

b. The procedure described in this section is based upon the assump- 
tion that — 

(1) The airplane contains the instruments described in section 
III. These instruments have been properly installed and calibrated. 

(2) The navigator is provided with the equipment and the tools 
listed in section III. 

172. Teamwork. — Coordination between the pilot and the naviga- 
tor is of utmost importance if accurate results are to be obtained. 
It is especially important during flight that the pilot make no change 
in heading, altitude, or air speed without informing the navigator 
at the time of the change. 

173. Navigator^s log. — a. A log or history of every flight must be 
kept. W. D., A. C. Form No. 21A provided for the purpose of 
keeping the navigational record is shown in figure 110. The im- 
portance of keeping a detailed, accurate, and neat log cannot be 
overemphasized. The computations must be rechecked constantly. 
On long missions, two navigators working in shifts must use the 
same log. In this case it is obligatory that each of them follows 
a standard procedure in keeping the common log. When the flight 
is ended, the log must tell the complete story of the flight. 
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6. The form will require minor changes from time to time to accom- 
modate new methods of procedure. The present form was designed 
at the time when the double drift method of obtaining ground speed 
and wind was used almost exclusively. Since the B-3 drift meter has 
been issued to the service, many navigators frequently use the ground 
speed by timing method. No provision is made on Form No. 21 A 
for recording the data obtained when computing ground speed by 
timing. By referring to the right hand side of the log sheet shown 
in figure 111 it will be seen how the navigator can augment the form 
to accommodate his desire for system and neatness. 

c. The space in which to enter the various quantities pertaining to 
the log are, on the whole, apparent from inspection of the form. Some 
doubt may exist, however, as to certain types of entries. 

(1) Mission. — On the line "mission" is placed the mission number, 
if it has one, and the type of mission. For example, a navigation 
school mission might be entered as "No. 6, intercept of surface vessel" ; 
for a tactical mission the entry might be "Search of area so-and-so." 

(2) Time. — (a) Time is reckoned on the 24-hour clock system, nor- 
mally using the zone time of the base from which the airplane is 
operating. Because of the relatively great range of aircraft, there 
is much to be said for using Greenwich civil time on a 24-hour clock, 
and many navigators make a habit of using it. A caution to be 
observed is that no matter what kind of time the navigator may choose 
for his own convenience, when he communicates with others he must 
use the kind of time they will understand. 

(b) All entries of time which have any bearing upon the dead reck- 
oning are noted on the log sheet under the column marked "time." 

(c) All incidental time entries, such as the time of take-off and 
landing, are placed in the remarks column. Position reports, weather, 
and items of general history are also placed chronologically in the 
remarks column. 

(8) E. T. A. Golmma. — ^It will be noted that there are two E. T. A. 
columns. If the mission is a simple point-to-point mission, only the 
last of these two columns is used. If the mission is one which is com- 
posed of several legs, the first E. T. A. column is used to give the 
E. T. A. at the end of the particular leg being flown, the second E. T. A. 
column containing the E. T. A. at the destination. 

d. The following abbreviations, in addition to those already listed 
in this manual, are used when making entries on the log sheet: 



T.O.: Take-off. 
E. T. A. : Estimated time of arrival. 
P R: Position report. 
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D D: Double drift. 
L H : Lighthouse. 
L S: Lightship. 

T P : Turning point other than a landmark. 
WX: Weather. 

S L: Sea level. 
DEST: Destination. 
174. Position reports. — a. General. — Radio position reports are 
rendered according to a prearranged schedule, or, if the net is a free 
one, at the convenience of the navigator. All reports are written 
before they are turned over to the radio operator for transmittal. 
When reports are transmitted according to a prearranged schedule, 
care must be taken to have the position report prepared sufficiently 
in advance to permit prompt transmittal. As a general rule, posi- 
tion reports should be rendered at least hourly. When pronounced 
changes in heading are made while operating over sea areas, position 
reports covering such changes should be submitted as soon as prac- 
ticable after their occurrence. This is necessary in the interest of 
safety. 

h. Form. — Position reports may take a variety of forms depending 
upon whether the position of the airplane itself is to be given or 
whether the position of an enemy objective is to be reported. The 
report may give location by latitude and longitude or by distance and 
bearing from a predesignated base point. The use of a prede^gnated 
base point changed by prearrangement as frequently as necessary has 
the advantage of attaining greater secrecy but requires additional work 
on the part of the navigator. Instructions may require that position 
reports be encoded before transmittal. 

(1) A recommended form for reporting the position of the aircraft 
itself is as follows: 



Time 


Lat. 


Long. 


Course 


G. S. 


Opera- 
tor's 
time 


Signa- 
ture 


0855 


3748 


7420 


052 


204 


0900 


15B4 



{a) Time — ^time for the position, not the time the message is com- 
posed or transmitted. It is a four-figure group without punctuation. 
(6) Lat. and long. — four-figure groups without punctuation. 
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(c) Course — three-figure group. If the course is between 0^ and 
99°, incL, it is preceded by 0; for example, 000 or 099 meaning 0° 
or 99°. 

(d) Q. S. (in knots) — three-figure group. Speeds slower than 100 
knots are preceded by a zero ; for example, 090. 

(e) Operator's time — time the message is transmitted. It is a four- 
figure group. 

(/) Signature — ^tactical call letters of the airplane. 
(2) When required to report on enemy craft a recommended form 
is as follows : 



No. 


Type 


Time 


Lat. 


Long. 


Course 


Speed 


Opera- 
tor's 
time 


Signa- 
ture 


3 


BB 


0920 


3625 


6801 


010 


015 


0930 


2B4 


















1 

i 



(a) No. — ^number of enemy craft observed. 

(6) Type — ^type of craft; for example, BB (battleship), CV (car- 
rier), etc. 

(c) Time — ^time the hostile craft is (are) at the latitude and longi- 
tude designated in the report. 

(d) Lat., Long., Course, Speed — refer to the enemy craft not to the 
reporting plane. If an objective capable of movement is stationary, 
both course and speed are designated as 000. No ambiguity will result 
from designating a craft which is actually making good a northerly 
course as 000 and one which is motionless as 000. The speed group i 
contains the key. 

175. Preflight preparation. — ^As soon as possible after a mission 
has been assigned, the navigator begins collecting data for the flight. 

a. Courses and distances. — (1) If the location of the point of de- 
parture, all turning points, and the destination are not printed on the | 
Mercator plotting charts, obtain coordinates from one of the following 
publications: H. O. 205; Civil Aeronautics Bulletin No. 11; Goode's 
School Atlas; Light Lists of the World; sectional or regional aero- 
nautical charts or other accessible maps and charts. 

(2) Plot coordinates on Mercator plotting chart. If the flight is a 
long one in which the legs run from one chart to another, a Mercator \ 
planning chart should be used to supplement the plotting charts. This 
planning chart should be of sufficiently small scale to contain the entire 
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operating area but of large enough scale that the desired accuracy is 
not sacrificed. 

(3) Calculate or measure Mercator course and distance of each leg 
and draw course lines on chart. The course and distance of long legs 
should be computed, especially when the courses run from one sheet to 
another. For extreme accuracy, the coordinates of the points at which 
the rhumb line cuts the border meridians and/or parallels of each 
chart may be calculated. 

(4) A decision should be made whether any advantage will be 
gained by planning to fly rhumb line chords approximating the great 
circle route on any leg. A great circle distance calculation (par. 197) 
wiU give sufficient information upon which to base the decision. If 
the great circle path is to be approximated, the route under considera- 
tion should be planned as described in paragraph 197. 

(5) Record courses and distances in log book. Figure 110 illustrates 
how these entries should be made. When a flight consists of several 
legs, each leg is treated as a separate flight with zero (0) being entered 
in the "distance run" column and the length of the leg entered in the 
*^distance to run" column. 

6. Variation. — Obtain average variation on each leg from an up-to- 
date chart and record with proper sign on log form. In certain locali- 
ties where rapid changes in variation occur it may be necessary to 
divide a long leg into sections and use the average variation of each 
section. In this case, the points where variation is to be changed 
should be marked on the chart so that the changes in heading may be 
applied when the airplane reaches the indicated position. Unless varia- 
tion is taken into account frequently, the airplane will not make good 
the path of the rhumb line plotted on the chart. 

c. "Weather data. — Obtain weather data, especially winds aloft, 
over the route to be flown. This weather information, even though 
"stale,'' may have to be used in the event all other methods of deter- 
mining wind in flight fail. This information will normally be sup- 
plemented by weather broadcasts as the flight progresses. 

d. Time. — Set watch to the correct time, preferably by radio time 
signal. 

e. Amownt of fuel. — ^From available information calculate amount 
of fuel necessary to perform mission, allowing adequate reserve for 
unforeseen emergencies. Notify airplane commander of fuel require- 
ments. 

176. Upon crew taking positions in airplane. — a. Arrange 
equipment in an orderly manner so that it is readily accessible. Dur- 
ing flight each tool should be returned to its compartment after use. 
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6. Make check to see that magnetic compass deviation card, A, S. 
calibration card, and radio compass deviation chart are posted. 

c. Inspect compass installation. 

d. Test drift meter suction and drift meter for proper function- 
ing insofar as rapid ground check will permit- At night check 
reticle light. 

e. Check presence of drift flares. 

/. Synchronize pilot's and radio operator's watches or clocks. 

g. Check interphone communication with pilot. 

A. Set altimeters. For safety reasons, altimeters are usually set 
to indicate altitude above sea level. Pressure altitude, which the 
navigator uses in computing true air speed, may henceforth be ob- 
tained by a simple mental calculation in which the difference between 
the actual position of the reference indices and the zero (standard 
atmosphere) position is applied with proper sign to the indicated 
altitude. 

i. Record deviation correction for the initial leg on the log form 
and complete the first line of the log as far as "compass heading." 
Initial drift correction may be estimated or drift correction may be 
carried as zero (0) for the purpose of obtaining compass heading at 
this time. 

Instruct pilot as to— 

(1) Time to take-off. 

(2) Altitude desired. 

(3) Air speed desired. 

(4) Point of departure and time to leave it. 

('5) Initial magnetic heading. Caution must be exercised not to 
give the aperiodic compass heading to the pilot as he steers by the 
pilot's compass which may have an entirely different deviation. 

177. Take-oflP. — a. Signal pilot to take-off. 

&. Record the time and place of take-off in remarks column of the 
log form. 

178. Approach to point of departure. — a. The pilot maneuvers 
the airplane to a position back of the point of departure and in 
extension of the initial leg. He approaches the point of departure 
on a heading which will approximately make good the track desired 
on the first leg. He maintains constant altitude and air speed. The 
automatic flight control may be engaged at this time. 

ft. The navigator now places the airplane exactly on course in the 
following manner: 

(1) Reads drift correction and enters it in log. 

(2) Computes compass heading and resets aperiodic compass. 
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(3) If the sighting wires are not parallel to the compass needle, 
the heading of the airplane is changed the necessary number of de- 
grees to effect parallelity. (See par. 134 6 (3).) If the navigator's 
position is equipped with a remote automatic flight control, the navi- 
gator himself may make the heading adjustment ; otherwise the pilot 
is instructed to turn so many degrees right (or left). 

(4) Recheck drift if the heading has been changed and make nec- 
essary entries. 

(5) Recheck compass deviation correction especially if a large drift 
correction has been applied. Remember that a change in drift cor- 
rection results in a change in magnetic heading. The deviation correc- 
tion must be selected for the latest magnetic heading. This comparison 
of magnetic heading with the deviation card must be carried on 
throughout the mission. 

179. Over point of departure. — Record time of departure to 
nearest quarter minute. 

180. After leaving point of departure and while flying first 
course. — a. Complete any of the tasks described in paragraph 178ft 
which lack of time may have prevented. 

6. From the instant of leaving the point of departure to the com- 
pletion of the mission, the checking of drift by drift meter and the 
checking of the aircraft's heading against the aperiodic compass are 
a continuous process. Frequent verification of the heading is especi- 
ally important because of the constant precession of the directional 
gyro by means of which a steady heading is maintained. 

€. The navigator determines ground speed and records the time 
and speed in the log. 

(1) If the ground speed by timing method is used, the average 
of several time readings should be obtained, absolute altitude re- 
corded, and the G. S. determined by the formula 



(2) If ground speed is determined by the double drift method, 
prior to making the 45® turns off heading, record the time, pressure 
altitude, free air temperature, and calibrated air speed. Using the 
last three quantities compute true air speed and record it. Then 
the 45° right and left headings are taken up, the drift on each read 
and recorded, and the G. S. determined in accordance with instruc- 
tions contained in paragraph 162. If the automatic flight control is 
on remote, the navigator may control the turns. If not on automatic, 
the navigator directs the pilot to "take a double drift," whereupon the 
pilot assumes the right leg heading by making a 45° gyro turn to 



absolute altitude 



X factor. 



G. S. = 



time in seconds 
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the right. After reading the drift, the navigator directs ^'O.K. Take 
up left leg," whereupon the pilot assumes the left leg heading by 
making a 90^ gyro turn to the left. After reading the drift on 
the left leg, the navigator directs "OK. Return to course," where- 
upon the pilot makes a 45*^ gyro turn to the right, thereby assuming 
the on-course heading. The navigator checks the compass to verify 
the heading. 

d. Compute the wind direction and velocity and enter these values 
on the log form. 

e. Computations for E, T.A. and PBs. — Ground speed is normally 
computed at least once each half -hour of flight. 

(1) If the estimated time to fly the first leg will be approximately 
a half hour, the G. S. just computed may be used for the entire leg, 
m which case the E.T.A. at the end of the leg is immediately com- 
puted, adding 1 minute to the E.T.A. of the leg for the distance lost 
while taking the double drift, if that method has been used* The 
time which must be added to the E.T.A. for the double drift depends 
on many factors, and each navigator must determine the increment 
from practice. 

(2) Suppose, on the other hand, that the leg is a long one so that 
it is apparent that ground speed will be measured several times and 
also several position reports will be rendered while flying the initial 
leg. The following example will illustrate the treatment. Refer to 
figure 111. Suppose an airplane left the point of departure at 0830 
on a 358-mile leg. Assume the first position report is due for trans- 
mittal at 0856, and subsequently at 25 and 55 minutes past each hour. 
Assmne a double drift was taken at 0845 and ground speed of 204 
knots was determined. Immediately, the navigator decides to find 
his position as of 0855 in order that the position which he sends to the 
plotting room at 0855 will be an up-to-the-nxinute one. He enters 
the time, 0855, in the time column. On the same line but in the 
time column under ^'dist. run'' he enters 24 minutes. Although the 
actual elapsed time from the point of departure will be 25 minutes, 
at 0855 only 24 minutes of that time will have been used in making 
forward progress, 1 minute's worth having been consumed taking the 
double drift. Calculate the distance run in 24 minutes at 204 knots 
=811^ nautical miles. Record this in distance run column. Subtract 
811/^ from 358 and enter the distance to run, 276% miles, in the "to 
run" column. Compute the time necessary to travel 276% miles at 
204 knots =1 hour 21 minutes, and enter it in the time to run column. 
Add 1 hour 21 minutes to the 0855 figure appearing in the time 
column to obtain the E.T.A. at the end of the first leg. Enter this 
figure, 1016, in the E.T.A. column. 
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(3) If the ground speed by timing method has been used, the full 
25 minutes will have been used in making forward progress. Then 
at 0856 the airplane will have progressed 85 miles and have 273 miles 
to go. The time to run will be 1 hour 20^4 minutes and the E.T.A will 
be 1015^- Additional examples are shown on sheet #2 of figure 111. 

/. Prepare a position report. In the example illustrated in figure 
111, plot the 0865 position on the chart by measuring 81^ miles along 
the course line from the point of departure. Pick off the coordinates | 
of the point (fig. 112) and record them in the position column of 
the leg form and also complete the position report form (see par. 



g. If the mission consists of several legs, compute the E.T.A. at the 
destination and record it. 

A. From now on the procedure dn the leg is a repetition of the 
preceding steps. The checking of drift by drift meter and heading 
against the compass is continuous. Ground speed is determined at 
approximate half-hour intervals. Position reports and E.T.A.'s for 
the leg and for the destination are computed after each ground speed 
determination. It is advantageous to precompute and plot on the 
chart a position at which the airplane will be in 16 minutes or a half 
hour. The position corresponding to the time at which the next posi- 
tion report is due is often convenient. When no position reports are 
being transmitted, a precomputed position should nevertheless be 
maintained. 

181. Upon arrival at end of first leg. — a. If terminus is a visible 
landmark. — (1) If the aircraft passes directly over the landmark, 
record the actual time of arrival in the time column and the expression 
^dead on" in the remarks column. 

(2) If the landmark is to one side of the airplane, the time when 
the landmark bears relatively 90*^ or 270"^ from the track is recorded. 
The distance between the airplane and the landmark at that instant 
is noted. The time is entered in the time column; the distance in 
the remarks column. The sign R. (right) or L. (left) is affixed to the 
distance to signify that the track made good was to the right or left 
of the intended course. 

5. // terminus is a landm^k which is not visible. — ^In the absence of 
any ground reference points which will indicate the location of the 
objective, continue flying the original course beyond the E.T.A. IVs 
minutes for every hour of elapsed time since the point of departure. 
This is to insure against "undershooting.'* If the objective is still not 
visible, conduct a systematic search. The search should be planned well 
in advance. 
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c. If terrmnm is an mdistmgmsTiable point (as when turning "on a 
wave"). — Inform the pilot of the magnetic heading for the second 
leg and give him the signal of execution a few seconds before the termi- 
nation of the E.T.A. of the first leg. The purpose of making the turn 
a few seconds early is to distribute the arc of the turn on both legs. 
The amount of time to be allowed for this turn depends, of course, upon 
the amount of the turn and the rate at which the turn is made. 

182. Succeeding legs. — a. When the terminus of any leg is a 
landmark, it is customary to reorientate the airplane and fly each suc- 
ceeding leg as a separate flight until the destination is reached. Note 
in figure 111 the manner in which the distances and times are recorded 
in the run and to run columns. The compass should be set for new 
courses a few minutes before each course is taken up. 

6. When the terminus of any leg is not a landmark, the procedure 
is similar to that described in paragraph 181<?. The time of arrival 
and the time of departure are assumed to be the same. 

c. Upon landing at the destination the time and place of landing 
are recorded. 

183. Reorienting on fixes. — If at any time during the flight a fix 
is obtained from landmarks, radio stations, or celestial bodies, the 
position of the airplane at that instant may be used as a new point of 
departure. During training flights certain restrictions are usually 
placed on intermediate reorientation, depending upon the purpose of 
the mission. 

184. Follow the pilot procedure. — Frequently, for tactical rea- 
sons or on account of weather, the pilot may be forced to fly headings 
and assume altitudes and air speeds not directed by the navigator. 
Nevertheless, the navigator must keep account of the path of the 
aircraft. Whenever new headings, speeds, or altitudes are assumed, 
the navigator must record the time and nature of the change. 

a. Changes in heading. — The navigator reads the compass, takes a 
drift reading, and records both values. Now, working from right to 
left on his log sheet he determines the course being made good and plots 
it on the chart. He determines the ground speed by timing if time 
permits ; otherwise, he finds the ground speed by using the drift on the 
previous heading in conjunction with that obtained on the new head- 
ing; or as a last resort, he finds it by using the most recently deter- 
mined wind. 

h. Ghxmges in air speed. — ^Any change in air speed results in a change 
in drift correction and ground speed. Therefore, these two quantities 
should be checked as soon as possible after a new air speed has been 
assumed. When air speed is changed so frequently as to make it diflS- 
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cult for the navigator to keep up with the individual changes, the 
average of the several air speeds may be used. 

0. Changes in altitude. — ^These changes require that the changes in 
ground speed and drift correction during the climb or dive be taken 
into account. When level flight is resumed a new drift correction must 
be applied and the ground speed computed. 

185. When ground is not visible. — a. When in or above the 
clouds, the drift meter cannot be used. In the absence of radio or 
celestial information, the navigator continues to carry the same drift 
correction as before entering the clouds and assumes the same ground 
speed. After emerging from the clouds, he takes a new drift reading 
and assumes that the drift while in the clouds was the average of the 
two. He computes a new ground speed and averages it with the 
old in a similar manner. Using these averages, he reckons the track 
and speed of the aircraft while in the clouds. 

6. Above all, the navigator must not allow the sequence of the dead 
reckoning to be lost. Regardless of the adversities which he may 
face, the least the navigator can do is to record the compass heading 
and the air speed. By applying variation and deviation to the com- 
pass heading he can find the true heading. In the absence of any 
drift indications, he assumes the true heading to be his true course 
and plot& his DR position along this line by assuming ground speed 
and true air speed to be the same. By thus maintaining the contin- 
uity of the dead reckoning, approximate though it may be, the 
navigator never becomes hopelessly lost. 

It is apparent that dead reckoning may lose accuracy rapidly 
when the ground cannot be seen. Under these conditions dead 
reckoning alone should not be relied on for extended periods. 

186. After flight. — Upon completion of the mission, careful analy- 
sis of the navigational aspects of the flight are made. This anal- 
ysis is usually written upon a conveniently arranged form which is 
retained in the files for comparison with the analyses of future flights. 
The errors in course and ground speed are investigated to determine 
whether they have been caused by instrumental or personal factors. 
Whenever the cause of an error has been ascertained, all possible 
corrective measures are taken before the next mission is flown. 

a. In analyzing course error it is customary to convert the distance 
off course as recorded on the log to angular error. The angular error 
is determined by the formula : 

, nautical miles off course at end of leg X 60 
degree of error on any leg= length of the leg. 
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For example, suppose the length of a leg to have been 210 nautical 
miles and the off-course distance 9 nautical miles left at the end of 
the leg. Then the 

, . 9X60 T 

degree of error = =2.6^ L. 

&. The ground-speed error on any leg is determined in the following 
manner : 

(1) Find the actual ground speed made good by dividing the 
length of the leg by the actual elapsed time on the leg. 

(2) Find the average estimated ground speed by dividing the 
length of the leg by the elapsed time between the time of departure 
and the last estimated time of arrival. 

(3) Express the estimated ground speed as being "so many miles 
fast (or slow) of the actual ground speed." 

Section VIII 

PRECISION DEAD RECKONING APPLIED TO RADIUS OF 
ACTION, INTERCEPT, SEARCH, AND PATROL 

ParagraiA 

Radius of action 187 

Intercept 188 

Search and patrol 189 

187. Radius of action. — a. The methods of solving radius of ac- 
tion problems by construction and computation are described in section 
XI, chapter 1. The vector triangles involved in radius of action 
may be solved on the E-6B computer. However, when the radius of 
action involves returning to a second base, the E-6B solution for the 
values of Si and S2 (the rates of departure and return) is relatively 
complicated. Unless the navigator uses the E-6B constantly for R/A 
solutions he will find difficulty in remembering the rules for finding 
Si and S2. There is less chance of personal error if he constructs 
the R/A diagram on his chart. 

6. The chief point of difference between the manner in which the 
pilot-navigator and the navigator perform radius of action problems 
lies in the fact that the navigator has the time and the facilities to 
take into account data changes during flight. Because he has precise 
means of handling changes as they occur, the navigator is not re- 
quired to hold as large a percentage of fuel in reserve as the pilot 
navigator who must rely principally on his "weather eye" and rule 
of thumb estimations to guide him throughout the mission. 

188. Intercept. — a. The methods of solving intercept problems 
are described in section XII, chapter 1. The vector triangles in- 
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volved in intercept may be solved on the E-6B computer. If the 
interceptor and the objective are on the same or reciprocal courses, 
the solution is simple. However, when the interceptor and the ob- 
jective are not on the same or reciprocal courses the E-6B solution 
is relatively complicated and the solution by construction will be 
found more facile and less subject to personal error. 

6. In intercept, as in radius of action, the chief distinguishing 
feature between the pilot-navigator and the navigator is that the 
navigator can account for data changes as they occur. This is a 
distinct advantage, especially in view of the fact that information 
of changes in the objective's course, speed, and position are often 
received after take-off. 

c. (1) There are a great many factors which must be considered 
when performing an interception flight, among them being — 

(a) Weather conditions. 

(&) Size of (area covered by) objective. 

{c) Likelihood of errors in the reported position, course, and speed 
of objective. 

{d) Capabilities and probable intentions of objective. 
{e) Personal error of interceptor's navigator. 

(2) Information is frequently too meager to assign definite values 
to many of the variables listed above. In the absence of information 
indicating a diflferent procedure, it is customary to assume that a hos- 
tile vessel (or vessels) will maintain course but that its speed will be 
5 to 10 knots faster than reported. No set rules can be prescribed 
whereby the speed allowance may be exactly determined. Experience 
is the best guide. Having determined the allowance, the intercept 
diagram is constructed by using the arbitrarily assigned speed, not the 
i-eported speed, of the objective. The interceptor then flies the mis- 
sion to the point where the intercept track intersects the objective's 
course. If, upon reaching this point, the objective is not sighted, the 
aircraft changes course so as to fly in the reverse direction the objective 
is steaming. This course is maintained for a distance equal to the 
product of the excess speed allowance and the elapsed time between 
the reported position of the objective and the predicted point of 
interception. At this point, if the vessel is not sighted, a search is 
instituted. The search should be planned in accordance with the prin- 
ciples set forth in paragraph 189. 

(3) When the objective's course is such that the passage of time 
serves to increase the distance between the interceptor's base and the 
objective, it is preferable to assign a slower speed to the objective 
than that reported. Then the objective's course line will be intersected 
at a point behind the objective's most probable position, and the enemy 
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may be approached from the rear, thus enhancing the chances of 
surprise. 

(4) Another method of allowing for the variables consists of arbi- 
trarily assigning a "lead" distance to the objective and thereafter using 
the reported speed of the vessel in constructing the interception dia- 
gram. This in eflfect accomplishes the same end as the method de- 
scribed in (2) above. If the lead is laid off in the reverse direction to 
the objective's course, the effect will be similar to that described in (3) 
above. 

d. When several aircraft are flying in formation, the chances of 
failure to intercept may be minimized by having the airplanes of 
the unit assume a scouting formation prior to arriving at the point 
of interception. This formation should be maintained until the ob- 
jective is sighted. 

e. The probability of intercepting hostile aircraft without the 
assistance of an aircraft warning net, or a tracking plane upon which 
to take bearings, is remote. The wide freedom of movement open 
to the enemy with regard to choice of course, speed, and altitude 
makes the problem of aircraft interception a most difficult one. 

189. Search and patrol. — a, (1) A search mission is a recon- 
naissance flight executed for the purpose of locating enemy forces 
known or thought to be at sea. 

(2) A patrol mission is a flight executed for the purpose of main- 
taining continuous observation of a line to detect the approach or 
passage of enemy sea forces. 

h. Namigator^s ta»k. — (1) The planning of searches and patrols, 
other than those ensuing from failure to intercept, is normally of little 
concern to the navigator. The responsibility for search and patrol 
planning rests with the tactical commander, and the task of the 
navigator is simply to apply his navigational doctrine to carrying 
out the instructions issued by the commander. In order to have a 
complete understanding of the contents of search and patrol orders 
it is necessary that the navigator be familiar with the — 

(a) Many terms frequently appearing in search and patrol orders 
but seldom encountered elsewhere. 

(&) Factors affecting search. 

((?) Methods of search. 

{d) Common search patterns. 

(2) Terminology of search and patrol (fig. 113). — (a) Scout. — 
A scout is an airplane engaged in a search. 

(&) {AB) Scouting Z^n^.— Straight, broken, or curved line on 
which scouts are located in a formation suitable to conduct a scout- 
ing operation in accordance with a definite plan. 
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(c) (FN) Scouting distcmee. — ^Distance in miles between adja- 
cent aircraft on a scouting line. 

(d) (OP) Scouting front. — ^Distance in miles measured along the 
scouting line from the extremity of visibility on one end of the 
scouting line to the extremity of visibility at the opposite end of 
that line. 

(e) {BS^ ST^ or TU^ etc.) Scouting interval. — ^Distance in miles 
measured between two scouts which are patroling the same line, 
measured along this line, (This definition is used only in certain 
methods of search.) 

(/) {UK) Position circle. — ^Locus of position points of a force 
which has proceeded a known or assumed distance from a known or 
assumed point of departure. The circle is drawn with the point of 
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FiouBB 113. — Terminology chart. 

departure as a center and radius equal to the distance covered by 
the force. Point H in figure 113 represents the last reported posi- 
tion of enemy surface craft. 

{g) {AD) Scoutvng cou/rse. — True course steered by scouts when 
searching toward the enemy or across his probable routes. The 
scouting course shown in figure 113, line AD^ is 90°. 

{h) {AB) Lime of departure. — ^Initial position of a scouting line, 
from which scouts proceed on their prescribed courses for search. 

{i) {DE) Line of retirement. — Position of the scouting line at 
which a search to the rear is initiated. 

{)) {FG) Line of retv/m. — Position of the scouting line where 
scouts leave their stations on the scouting line and return to their 
bases. 
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(k) (OP) Mcdntencmce of scoviing line. — Scouting line is said 
to be maintained when scouting distance and scouting front are kept 
constant. 

(?) {AB) Line of hearing. — ^Direction of a straight scouting line 
from a reference point, expressed as a true bearing from that point. 
In figure 113, A is the reference point; the line of bearing of the 
scouting line is thus 180°. 

(m) {A or B) Point of origin. — Geographical position of one end 
of the initial position of the scouting line. 

(n) (L-M) Radius of visibility. — ^Radius of a circle from the 
center of which the object to be observed can be seen in any direction. 

(3) Factors affecting search. — The methods to be used in search 
operations can be determined only after careful consideration of the 
factors which may influence the search. Some of the important 
factors are — 

(a) Characteristics of searching aircraft as to range and speed. — 
These characteristics affect the size of the area that can be searched, 
time required for search, and frequency with which search can be 
repeated. 

(ft) Numher of aircraft available for search. — This factor primarily 
affects the size of the area that can be searched. 

{c) Availability of convenient base or bases from which search 
operations may be conducted. — This becomes a major factor if the 
operating base or bases are located in areas considerably removed from 
the coastal frontier, as such location necessitates the operations of 
aircraft over unprofitable land areas prior to taking up the search. 

{d) Size and shape of area to be searched. — These factors have a 
direct bearing on the number of airplanes required, hours of daylight 
essential for the operation, and method of search employed. The 
search of a long, narrow area extending seaward to the limit of the 
radius of action of the scouts presents problems materially different 
from those that arise in the search of a long coastal area of limited 
depth seaward. 

{e) Time available for search. — Sea search at night is relatively 
unprofitable ; hence, the amount of daylight available for the conduct 
of the search will influence the selection of the search method. 

(/) Weather conditions. — ^Weather is a factor primarily because 
of its effect on visibility and the safety of flight. Weather conditions, 
if sufficiently unfavorable, may preclude flight operations entirely. 

{g) Flight namgational errors. — ^The scouting distance normally is 
based upon the estimated radius of visibility in the search area for the 
type of objective sought, less the allowance for air navigational errors ; 
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hence these errors influence the number of scouts required for the 
search of a given area. To allow for flight navigational errors, the 
scouting distance should be less than twice the visibility, 

(h) Location^ direction^ and rate of movement of objectives. — ^The 
location, direction, and rate of movement of the objective directly in- 
fluence the extent of the area that must be covered. The rate of move- 
ment and the time elapsed since the objective was last sighted will de- 
termine the size of the position circle. 

(4) Methods of search. — {a) Search operations may be conducted 
in a wide variety of methods. No one plan is suitable for or adaptable 
to all situations. The methods selected for employment in any particu- 
lar situation should be well suited to the conditions existing at the 
initiation of the search and those likely to- be encountered during the 
operation. 



(&) Search plans should be as simple as possible. The problems of 
navigation, particularly when operating over sea areas out of sight of 
land, are tremendously increased if the plan requires that a multiplic- 
ity of courses be flown during the mission. 

{c) Aircraft engaged upon search missions usually operate singly 
within assigned subareas or along designated courses, the whole opera- 
tion being so coordinated as to insure complete coverage of the entire 
area to be searched. When the number of aircraft available is insuffi- 
cient to examine effectively all of an area desired to be searched, it is 
far better to search completely the most critical portion of the area 
than to search the entire area in an ineflPective manner. Search opera- 
tions may be performed by aircraft in tactical formation whenever 
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FiouRB 114. — Simple search by one scout. 
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PiGURB 115. — Parallel search with return to same base. 

the situation is such as to require either offensive or defensive action 
beyond the capabilities of individual aircraft. 

(5) Search "patterns. — (a) Simple parallel search hy one scout (fig, 
114). — ^The original course is drawn to one extremity of the area and 
parallel courses drawn, separated by a distance equal to 1.8 times the 
effective range of visibility, to provide some overlap. This method 
requires a number of relatively short courses, which are a source of 
error. 

(6) Parallel search hy several scouts (figs. 115 and 116). — ^Parallel 
search is a form of search in which the scouts take positions on a 
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Figure 116. — Parallel search with return to second base. 
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scouting line which is advanced by the movement of all scouts along 
parallel courses, 

(c) Radial search hy several scouts (fig. 117). — ^Radial search, as 
it^ name implies, is a method of search wherein the scouts leave a 
common point and fan out radially. Even when some other form of 
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FiQUBB 117. — Radial search, doable bank method. 

search is employed, the beginning and end of the search may take 
the form of a radial search, since oftentimes the scouts are based at 
one airdrome. In this method the distance between aircraft increases 
with the radial distance from the base. The scouting distance at the 
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Figure 118. — ^Radial parallel search. 



extremity of the radii should not exceed twice the visibility minus 
the allowance for navigational errors of the scouts. When the dis- 
tance to the line of retirement is great, the number of aircraft required 
may sometimes be reduced by using the double bank method. 
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(d) Radial parallel search (fig. 118). — A combination of radial and 
parallel search methods may be employed in searching for an objective 
reported to have been in a specific position at a previous time, with 
location, time, and space factors such as to preclude the possibility 
of the objective being elsewhere at the time the search is started. 

Section IX 



FLYINGS 

Paragraph 

Calculated flying 190 

Definitions- 191 

Plane flying 192 

Traverse flying 193 

Parallel flying 194 

Middle latitude flying 105 

Mercator flying 196 

Great circle flying 197 

190. Calculated flying. — a. By utilizing the principles of trigo- 
nometry the changes in latitude and longitude, departure, course, 
and distance occasioned by flying over the earth's surface may be 
computed. The solutions of the various problems that arise from 
the relations between these quantities have been called sailings in 
marine navigation and when borrowed for use in air navigation are 
called flyings. The most frequent use that the aerial navigator has 
for calculated flying is the x^omputation of the rhumb line course 
and distance between his point of departure and destination, when 
the distance is so great that the desired accuracy cannot be obtained 
by scaling on the chart or when the rhumb line extends over more 
than one chart. The converse of this case, i. e., to find the latitude 
and longitude of his position when he knows the course and distance 
made good, is a problem seldom encountered in air navigation. 

&. Each problem of calculated flying involves the solution of one 
or more plane right triangles. These triangles may be solved by — 

(1) Construction. — The construction method is laborious and in- 
accurate unless a very large scale is used and is seldom employed 
except as a classroom exercise. 

(2) Tra/verse tables {table ^, H. O. 5, Bowditch).—T\Le> traverse 
tables are a tabulation of solutions of plane right triangles for every 
course angle in whole degrees and values of difference of latitude and 
departure for every distance in whole miles up to 600. By the use 
of these tables any right triangle may be rapidly solved with little 
calculation except that incident to interpolation. Because of their 
arrangement, the traverse tables are awkward to use except when 
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course is one of the entering arguments. When the course angle 
is not one of the entering arguments or when the distance involved 
exceeds the limits of the tables, solution by trigonometry is 
reconmiended. 

(3) Trigammetry. — ^The solution by trigonometry may be made 
by using either natural or logarithmic functions. The trigonometric 
solution by logarithms is the method most generally used. 

191. Definitions. — The following quantities are involved in the 
solution of problems of the flyings : 

a. The difference of latitude (DL) between two places on the earth's 
surface is the arc of a meridian intercepted between their parallels of 
latitude. Since 1 minute of latitude equals 1 nautical mile, the meas- 
urement of the difference of latitude is identical in both minutes of 
arc and in nautical miles. The difference of latitude of two places 
is the algebraic difference of their latitudes and is named N. or S. 
according to the direction in which it is made good. 

h. The difference of longitude (DLo) between two places on the 
earth's surface is the arc of the Equator intercepted between their 
meridians. Since 1 minute of longitude equals 1 nautical mile only at 
the Equator, the difference of longitude is expressed only in minutes 
of arc. The difference of longitude of two places is the algebraic 
difference of their longitudes except when this difference is greater 
than 180° in which case it must be subtracted from 360°. The truth 
of the foregoing statement will be made clear upon inspection of a 
world globe. Difference of longitude is named E. or W. according to 
the direction in which it is made good. 

G. Departure (Dep) is the linear measure in nautical miles of an 
arc of a parallel of latitude between two meridians. The departure 
between two meridians varies with the latitude of the parallel upon 
which it is measured according to the formula : Dep = DLo cos L. 
When the spherical surface of the earth is taken into account, the 
departure made good by an airplane flying from A to 5, two points 
of different latitude on the earth's surface, is not the departure be- 
tween their respective meridians as measured on the parallel through 
A nor the departure as measured on the parallel through B. It is 
approximately equal to the departure between A and B as measured 
on the parallel of their middle latitude. Departure is named E. or W. 
according to the direction it is made good. 

d. Distance (Dist) as used in the flyings is the rhumb line dis- 
tance measured in nautical miles. 

e. Course (C) is the angle between a meridian and the rhumb 
line joining two points on the earth's surface. It is measured from 
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north in a clockwise direction from 0® to 360®. Sometimes, such as 
to facilitate solutions of problems in calculated flying, course is 
measured in quadrants from 0^ at north or south toward the east 
or west, in which case the angle must always be named. Thus, a 
course of 120° is the same as S. 60'' E. 

/. Meridional parts (see par. 196a). 

g. Diference of meridioruzl parts (see par. 196rf). 

192. Plane flying. — This method assumes the earth's surface to 
be flat, hence the name "plane flying." When the area involved 
is small, and in the lower latitudes, the spherical form of the earth 
may be disregarded and the earth's surface assumed to be a plane 
without material error. The error decreases 
as the course angle and the distance become 
smaller. 

0. Plane flying triangle. — The plane right tri- 
angle formed by the meridian of the point of 
departure, the parallel of the point arrived at, 
and the rhumb line joining the two places are 
shown in figure 119. A is the point of depar- 
ture, B is the destination, AX is the meridian 
of point A, BX is the parallel of point B, ^^^^^^ no.-piane flying, 
and AB is the rhumb line joining A and B, 

Then AX will represent the difference of latitude, BX the departure, 
AB the distance, and C the course angle. 

(1) From this triangle the following formulas may be deduced : 

sin Dep=Dist sin C 

cos C=SJ^ or DL =Dist cos C 
Dist 

tan 

(2) When any two of the above quantities are known the triangle 
may be solved for the unknowns by selecting the appropriate formulas. 

(3) It should be noted that none of the formulas of plane flying 
contain the quantity DLo. This quantity can neither be used in nor 
found from the solution of the plane flying triangle alone. 

(4) The course angle must be expressed in quadrants from 0^ at 
north or south toward the east or west. In naming this course, place 

or S. in front of the number of degrees and E. or W. after, accord- 
ing to the directions in which the DL and Dep are made good. 

6. Example No. 1. — ^An aircraft flies on a course of 275 (N. 85° W.) 
for a distance of 116 miles. Required : DL and Dep. 



251 

-oogle 



„ „ IP Oriqinal from 

^^uuyit UNIVERSITYOF CALIFORNIA 



TM 1-205 
192 



AIR COUPS 



(1) Solution by trigonometry. 

Formulas.: DL=Dist cos C 
■ Dep. = Dist sin C 
Dist 115 log 2.06070 

C N. 85*^ W. log cos 8.94030-10 ... 
DL 10.02' N. log 11.00100-10 
Dist 115 log 2.06070 

C N. 85*^ W. log sin 9.99834-10 . 
Dep 1 14.56 miles W. log 12.05904- 10 

DL =10.02' N. 
Dep =114.56 miles W. 

(2) Solution by traverse tables. — Enter the table with the course 
N. 85° W. at the bottom of the page, and the distance 115 miles 
in the Dist column, and pick out opposite the distance the DL, 10.0, 
in the colunm headed Lat at the bottom of the page, and the Dep, 
114.6 miles, in the column headed Dep at the bottom of the page. 
Name the DL N. or S. and the Dep E. or W. according to the direc- 
tion of the course. 

DL=10.0' N. 
Dep =114.6 miles W. 

o. Example No. ^. — ^In flying from A to the difference of lati- 
tude made good is 244' N. and the departure made good is 171 miles 
E. Kequired : Course and distance from A to B. 

(1) Solution by trigonometry. 

Formulas: tan C=^|^ 
Dist 

sm C 



Dep 171 E. 


log 


2.23300 




DL 244' N. 


log 


2.38739 




C=N. 35° 02' E. 


log tan 


9.84561- 


10 


Dep 171 


log 


2.23300 




C N. 35° 02' E. 


log sin 


9.75895- 


10 


Di8t= 297.9 miles 


log 


2.47405 





Subtract 



Subtract 



CJourse=35**02' — Converted to course measured clockwise from north. (Id 
this case there is no numerical change in the number of degrees since the 
angle is in the N. E. quadrant.) 

(2) Sohition by traverse tables. — Enter the traverse tables, and the 
nearest agreement of the values of DL and Dep in their proper coJ- 
mnns will be found for course N. 35^ E. The nearest corresponding 
distance is 298 miles. 

d. Rules. — ^From the above examples it can be seen that the following 
rules apply for solutions by use of the traverse tables : 
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(1) When the course and distance are given, to find the DL and 
Dep— 

(a) Find the page where the course is given either at top or bottom 
of page. 

(6) Find the given distance in the column headed Dist. 

(c) Opposite the distance read the DL in the column headed Lat 
and the departure in the column headed Dep. 

(d) If the given course is found at the top of the page use headings 
for Lat and Dep columns at top of page, and if course is at bottom 
of page use headings for these columns at bottom of page. 

(2) When the DL and Dep are given and the course and distance 
are required, the problem is to find the page on which the given values 
most nearly appear together in their proper columns. For greatest 
accuracy a three-way interpolation between these values on two pages 
is necessary. This problem is easier solved by trigonometry. 

193. Traverse flying. — a. General. — A traverse is the irregular 
track of an aircraft when it has flown several different rhumb line 
courses in succession. The method of traverse flying assumes the 
earth's surface to be a plane and consists of tabulating the DL made 
good to the N. or S. and the departure made good to the E. or W. for 
each of the several courses. The algebraic sums of these differences 
of latitude and departures are obviously the net DL and Dep made 
good, from which the resultant course and distance may be found. 
The work can be readily accomplished by use of the traverse tables. 

&. Example. — An aircraft leaves a point and flies a true course of 
36° for 106 miles, then a course of 95° for 50 miles, then a course of 275° 
for 16 miles. Required : Course and distance from point of departure. 



Course 


Dist 




Dep 






N. 


S. 


E. 


W. 


N. 35" E. 


105 


86 




60. 2 




S. 85° E. 


50 




4. 4 


49. 8 




N. 85° W. 


16 


1. 3 






14. 9 


Totals 

Algebraic totals. 


87.3' 


4. 4' 


110. 


14. 9 


82. 9' 




95. 1 





Resultant course = N. 49° E. 

Dist =126 nautical miles. 
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£ 

Figure 120. — Parallel flying. 



then 



194. Parallel flying. — If an aircraft flies due east or west along 
a parallel of latitude, there is no change in latitude, and the departure 

is equal to the distance. This is the simplest 
form of spherical flying, and by its method, 
departure, and difference of longitude may be 
interconverted, which is impossible in plane 
flying. 

a. Forrrmlas. — ^In figure 120, let A and B 
represent any two places on the same parallel 
Q of latitude, P the pole, and O the center of the 
earth. AB is the arc of the parallel of latitude 
between A and 5, whose radius is AX and 
whose latitude is angle AOE. EQ is the arc of the Equator intercepted 
between the meridians of A and B. Then the linear measure of arc 
AB is the departure, and the angular measure of arcs AB and EQ is 
the difference of longitude. AB and EQ are similar arcs of two 
circles because — 

AAXB=AEOq 
AO=EO 
AB^AX_AX 
EQ EO^AO 

AX 

From triangle AOX, -j^=cos X40=cos AOE 

^=co, AOB 

^^=cos Lat 
DLo 

Dep=DLo cos Lat, and 
DLo=Dep sec Lat 
h. Example. — ^An aircraft in latitude 38^ flies a true course of 270° 
for a distance of 215.6 miles. Required : Difference of longitude. 

(1) By trigonometry. 

Formula: DLo=Dep sec Lat 
Lat 38^ log sec . 10347 

Dep 215.5' log 2.33345 

DLo = 273. 5' log 2. 43692 

= 4° 33. 5' 

(2) By traverse tables {tctbles 2^ H. O. 9). — {a) Since the traverse 
tables are based on the formula: Dist=DL sec C, the substitution of 
DLo for Dist, Dep for Lat, and Lat for C adapts the tables to solution 
of parallel flying problems. These rules are given at the bottom of each 
page of table 2 (Bowditch). 
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(b) Enter the tables with the latitude 38*^ as a course, and opposite 
215.5 in the Lat column is found the number 273.5 in the Dist column. 
Then 273.5 is the difference of longitude in minutes, or DLo=4°33.5'. 

(3) By table 4, H. 0. 9, BowditcK—^niBrmg table 4 with Lat 38^, 
the length of 1° of longitude at Lat 38"^ is found to be 47.395 nautical 

miles. Then DLo = ^^^'^ = 4^33 5' 

47.395 * ^""'^ • 

195. Middle latitude flying. — a. The departure made good by 
an aircraft flying between two places in different latitudes is not 
equal to the departure as measured on the parallel of either of the 
places, but is nearly equal to the departure as measured on the parallel 
in their middle latitude. This fact is the basis of middle latitude 
flying and permits the solution of problems involving difference of 
longitude and departure when there is a difference of latitude involved. 

6. Since the departure made good is not exactly equal to that measured 
on the parallel of the middle latitude of two places, the middle latitude 
solution is only approximate, and appreciable errors may result when 
the distance exceeds 200 miles, especially in the higher latitudes. A 
correction may be applied to the midlatitude to make the basic assump- 
tion true. The correction table appears in H. O. 9. An additional 
disadvantage is that the middle latitude solution cannot be used when 
the course line crosses the Equator without dividing the problem into 
two triangles, one on each side of the Equator. 

€. Because of the disadvantages of the middle latitude solution, 
the aerial navigator seldom uses it, employing instead the Mercator 
solution. 

196. Mercator flying. — Mercator flying is the method by which 
values of the various elements are determined from considering them 
in the relation in which they are plotted upon a Mercator chart. 
Mercator flying is the most generally used method of calculated flying 
because its accuracy is not limited by the magnitude of the different 
quantities involved in the problem. 

a. MerridioTwl parts. — (1) It has been stated that the Mercator pro- 
jection is a mathematical projection on which all meridians appear as 
equidistant vertical parallel lines, and all parallels of latitude appear 
as horizontal parallel lines intersecting the meridians at right angles. 
It follows that any rhumb line must appear as a straight line. The 
Mercator is a conformal projection, i. e., it preserves the shape of areas 
projected. The meridians on the earth's surface converge as the poles 
are approached so that, although 1° of longitude equals 60 nautical 
miles at the Equator, at latitude 60^ this same degree of longitude 
subtends an arc of the parallel only 30 nautical miles in length. But 
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on the Mercator projection the meridians, being parallel, are the same 
distance apart at all latitudes. Therefore, a distance on the chart 
equal to I*' of longitude must represent on the chart at the Equator a 
distance of 60 nautical miles and at latitude 60^ a distance of 30 
nautical miles. In other words, the scale of the chart has increased 
as the distance from the Equator became greater so that at latitude 
60*^ the scale is twice that at the Equator. Now, since 1 minute of 
latitude always equals 1 nautical mile on the earth's surface, in order 
to keep the projection conformal it is necessary to expand the latitude 
scale on the chart in the same proportion as the longitude scale has 
been expanded by drawing the meridians as parallel lines. The prob- 
lem then resolves itself into determining the distance from the Equator 
of each parallel of latitude in units of minutes of longitude at the 
Equator. 

(2) The meridional parts (Mer. Pts.) of any parallel of latitude 
may be defined as the length of an arc of a meridian between the 
Equator and the parallel, as drawn on a Mercator chart, expressed in 
units of 1 minute of longitude at the Equator. Tables have been 
computed giving the distance from the Equator of each minute of 
latitude in units of 1 minute of longitude at the Equator. These are 
known as "Tables of Meridional Parts" and are given to one place 
of decimals in table 3, H. O. 9 (Bowditch). The computation of 
meridional parts takes into account the ellipsoid shape of the earth 
and involves mathematics beyond the scope of this manual. 

&. Construction of a Mercator chart from tables of meridional 
parts. — (1) Procedtt/re. — If the chart for which the projection is to 
be made includes the Equator, the values to be measured off are given 
directly by the tables of meridional parte. If the Equator is not to 
be shown upon the chart, then the parallels of latitude to be laid down 
should be referred to a principal parallel, preferably the lowest parallel 
to be drawn on the chart. The distance of any other parallel of lati- 
tude from the principal parallel is then the difference of the meridional 
parts for the two taken from the tables and reduced to the scale of 
the chart. 

(a) For example, if it be required to construct a chart on a scale of 
2 inches to 1° of arc on the Equator, the minute or unit of measurement 
(one meridional part) will be 1/60X2 inches=l/30 inch. Then 1° 
of latitude north or south of the Equator will be represented by : 1/30 
X 59.6=1.987 inches. The value 59.6 is the difference between the 
meridional parts given opposite latitudes 0^00' and I'^OO'. 

(&) If the chart does not include the Equator and if the principal 
parallel is, for example, latitude 40° OO', and the longitude scale is the 
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same as above, then the measurement of the interval between 40^00' 
and 41^00' will be: 1/30 x 78.6=2.62 inches. The value 78.6 is the 
difference of the meridional parts given opposite latitudes 40^00' and 

(2) Example No. 1. — ^Let it be required to construct a Mercator 
chart between the parallels of latitude 32°00' N. and 35^00' N. and 
between longitudes 116^ W. and 120*^ W., on a scale of 1*^ longitude 
equals 2 inches. Integral degrees of latitude and longitude are to be 
shown. (See fig. 121.) 



5 



2i , 



MM 



33% 
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FiaUBS 121. — Construction of small area Mercator map by meridional parts. 



(a) Draw a straight line 8 inches in length parallel to the lower 
edge of the sheet This line will be the principal parallel of latitude 
32 W N. 

(&) At intervals of 2 inches along the principal parallel erect per- 
pendiculars. These lines from right to left will be the meridians 116** 
W., 117^ W., 118^ W., 119<^ W.5 and 120^ W. 

((?) Since the scale of the chart is 1° of longitude equals 2 inches, 
the unit of measurement (one meridional part) will be: %o>^2=%o 
inch. 



270209** — 40 17 
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(d) Enter the tables of meridional parts and find for latitude 32^ 
the value 2,016.0 and for latitude 38^ the value 2,086.8. The difference : 
2,086.8—2,016.0=70.8, is the number of meridional parts between the 
parallels 32^ and 33°. Then the distance on the chart between these 
parallels will be 1/30 X 70.8=2.36 inches. 

(e) On two of the meridians already constructed lay off the distance 
2.86 inches, and through the points thus obtained draw a straight line 
which will be the parallel 33^00'. 

(/) Proceed in the same manner to lay down all of the parallels; 
the distances of parallels 34° and 35° from the principal parallel 32° 
^11 be, respectively : 

(2158.4-2016.0) =4.74 inches. 

^X(2230.9-2016.0) = 7.16 inches. 

(g) The whole degrees of latitude and longitude may be sub- 
divided as minutely as required. The subdivisions of the degrees of 
longitude are found by dividing the degrees into equal parts, and the 
subdivisions of the degrees of latitude are found accurately by using 
the tables of meridional parts as described above, though it will gen- 
erally be found sufficiently exact to make equal subdivisions of each 
degree of latitude, as was done when dividing the degrees of 
longitude. 

(3) Example No. 2. — Mercator chart is to be constructed to a 
scale of 3 inches equals 1° of latitude at latitude 40°. What is the 
length of 1° of longitude on the chart? 

(a) Mer. Pts. 40^30' =2646.8 

Mer. Pts. 39^30'=2568.8 



Mer. DL = 74.0 

(6) Then 3 inches on the chart are equal to 74.0 meridional parts, 
and the unit of measurement (one meridional part) is equal to 3/74.0 
inches. 

{c) The length of 1° of longitude on the chart, then, is 60 X 3/74.0= 
2.43 inches. 

c. Chraphical construction of a Mercator chart. — (1) General. — 
The graphical construction of a Mercator chart is based on the 
assumption that the earth is a true sphere, in which ca^e the meridians 
are true circles. While this assumption is not exactly true, for a 
small area the resulting error may be disregarded. Cross-section 
paper will facilitate the construction. 
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(2) Example. — ^Required a small area Mercator chart from latitude 
40° N. to 43° N., and from longitude 75° W. to 78° W., on a scale 
of 3 inches to 1° of longitude. Each integral degree of latitude and 
longitude is to be subdivided into 10' intervals. (See fig. 122.) 
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FiGURB 122. — Graphical construction of Mercator chart. 



40- 



75' 



(a) Draw a straight line 9 inches in length parallel to the lower 
edge of the sheet. This will represent the base parallel of latitude 
40°00' N. From the ends of this line and at 3-inch intervals along 
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it carefully erect perpendicular line3, which from right to left will 
be the meridians 76° W., 76*^ W., 77° W., 78° W- 

(&) Lay off a line AB so that angle BAG equals the mean latitude 
between the parallels 40° and 41°, or 40°30'. Then from triangle 
ABG^ AB=AG sec BAG^ or the length AB is the longitude scale 
expanded in the ratio of the secant of the latitude. This, it will be 
remembered from parallel flying, is the same ratio that was found 
to exist between DLo and Dep or, in other words, the amount by 
which the scale of a Mercator chart has been expanded at any given 
latitude by drawing the meridians as equidistant parallel lines. 

(<?) Measuring upward along the meridians from the base parallel 
40° lay off the distance AD equal to AB^ and through these points 
draw the parallel of latitude 41°. 

{d) In the same manner, determine the parallel 42° by laying off the 
line DE so that angle EOF equals 41°30', and the parallel 43° by 
laying off the line GH so that angle HGI equals 42°30'. 

{e) On the border, parallels and 
meridians subdivide the degrees into 
10' intervals of longitude and lati- 
tude, by dividing each degree into six 
equal parts. Each degree of latitude 
must be separately subdivided. 

d. Mercator solution. — ^The prin- 
ciple of construction of the Mercator 
chart affords a method of computing 
the course angle when the DL and 
DLo are known without using the de- 
parture. Having found the course, 
the distance may be found from the 
plane flying formula : Dist = DL sec €• The formulas of the Mercator 
solution are mathematically correct for any course and distance. From 
the construction of the Mercator chart by the use of meridional parts it 
has been seen that there are two different scales of vertical coordinates 
available : First, the constant scale of meridional parts by which the 
location of the different parallels of latitude is determined and which is 
the same scale as the minutes of longitude or horizontal scale on the 
chart; and second, the minutes of latitude-and-nautical-miles scale 
which, though it represents a constant scale on the earth's surface, 
is a constantly varying scale on the chart. Therefore, if any tri- 
angle drawn on the Mercator chart is referred to the first system of 
coordinates, all of its sides will be measured in the same unit of 
length and it may be readily solved by trigonometry. 
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(1) In figure 123, let A and B be two points on a Mercator chart 
and AB the rhumb line joining them. Then C will be the course 
angle, BD will be the difference of longitude, and AD will be the 
difference of latitude. 

(2) The length of AD in meridional parts will be the difference 
of the meridional parts found in the tables opposite the latitudes 
of A and B. This difference will be abbreviated "mer DL." 

(3) Then, tan C=DLo 

mer DL 

(4) Having found the course angle the distance may be found 
from the plane flying formula: Dist=DL sec C. 

(5) The right triangles of the plane and Mercator solutions are 
similar for a given course angle and may be drawn together in such 
a manner that the relations between 
the various quantities can easily be 
deduced. In figure 124, let A and B 
represent two places, joined by a 
rhumb line AB^ whose course angle is 
C. Then, triangle ABD is the trian- 
gle of plane flying, and AB is the dis- 
tance, AD the difference of latitude, 
BD the departure. Now if the side 
AD is extended so that AE is laid off 
equal to the difference of meridional 
parts corresponding to the latitudes 
of A and i?, and the right triangle 
AEF is completed, then EF will represent the difference of longitude. 
Triangle AEF is the triangle of Mercator flying and is the way the 
plane triangle ABD would appear when plotted on a Mercator chart. 

(6) (a) Methods. — Problems in Mercator flying may be solved by 
construction, by trigonometry, or by the traverse tables. When using 
the traverse tables for solving triangle AEF of figure 124, DLo must 
be substituted for Dep and mer DL for Lat in the column headings 
of the tables. Instructions as to column headings are given at the 
bottom of each page. Triangle ABD (fig. 124) is solved as in plane 
flying. Trigonometric solution by the use of logarithms is greatly 
facilitated by use of the form shown in figure 126. 

(&) Exam/pie of trigonometric solution. — ^Required the course and 
distance by rhumb line from a point in Lat. 42^03' N., Long. 70°04' 
W., to another in Lat. 36^69' N., Long. 25^10' W. The solution is 
shown in figure 126. 




FIGURB 124. — Mercator triangle. 
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(7) When the course given is exactly 90° or 270° the Mercator 
solution becomes indeterminate, since tan 90 is infinite and cos 90^ 
is zero. In this case the method of parallel flying must be used. 

197. Great circle flying. — The shortest distance between any two 
points on the earth's surface is the arc of the great circle joining 
them. Where distances are great the saving in distance over the 
rhumb line course often makes it advantageous to fly the great circle 
arc as a track. All great circles with the exception of the Equator 
and the meridians themselves intersect every meridian at a different 
angle, and in order to fly the great circle course a constantly changing 
compass course would be necessary. To obviate this difficulty rhumb 
line chords to the great circle are flown. 

a. Oreat circle track, — (1) The great circle track always lies nearer 
the pole than the rhumb line between any two points in latitudes of 

WAS OBPABTMBNT 
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the same name, and if the points are in opposite latitudes the great 
circle intersects the rhumb line at the Equator. That portion of the 
great circle in the Northern Hemisphere will then lie north of the 
rhumb line and the other part of it south of the rhumb line. 

(2) When the great circle course is plotted on a Mercator chart it 
appears as a curve lying on the polar side of the rhumb line and is 
apparently a longer distance than the rhumb line. This appearance is 
caused by the distortion of the Mercator chart, and it should be 
understood that the rhumb line is actually the indirect route. 

&. Finding great circU course and distance, — (1) From chart.-^ 
The most convenient method of determining the great circle course 
between two points is to draw a straight line between those points on 
a great circle or gnomonic chart. The approximate course and dis- 
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tance may be found by a method explained on the chart. The great 
circle course is transferred to a Mercator chart by taking the latitudes 
HJid longitudes of points at about 5*^ intervals of longitude along the 
great circle and plotting these points on the Mercator chart. By join- 
ing the points thus plotted with rhumb lines the navigator has an 
approximate great circle route which is practicable to fly. 

(2) By computation, — ^The great circle route may be accurately 
found by computing the coordinates of a series of points along the 
great circle and the courses at these points. These points are then 
plotted on a Mercator chart in the same manner as above. There are 
several methods of performing this computation, all of which involve 
spherical trigonometry beyond the scope of this manual. Great circle 
computations are described in TM 1-206. A quick method of deter- 
mining the great circle distance between two points is shown below. 

(a) Required the great circle distance from Sandy Hook Lightship, 
N. Y., Lat. 40^28' N., Long. 78°60' W., to Pt. Loma Lighthouse, Calif., 
Lat. 32^40' N., Long. 117^6' W. 

From Lat. 40^ 28' N. Long. 78^ 60' W. 
To Lat. 32*^ 40' N. Long. 117^ 15' W. 

DL 7° 48' DLo 43^ 25' 

DLo 43^ 26' logHav 9.13613-10 



From Lat. 40** 28' log cos 9.88126-10 

To Lat. 32^ 40' log cos 9.92522-10 



K logHav 8.94261-10 



-add 



K nat Hav 0.08763 
DL 7** 48' nat Hav 0.00463 



-add 



Dist= 35° 22' nat Hav 0.09226 

■= 2,122 nautical mUes. 

(6) Tables of log Haversines and natural Haversines may be 
found in table 45, H.0.9 (Bowditch) . 

(c) The value of the constant K in the above solution is not re- 
quired. The value K nat Hav is found in the tables of Haversines 
opposite the value of K log Hav. 

(d) The above solution is used for computation of great circle 
distance only and cannot be used to find the coordinates of points 
along the great circle, 

(3) Use of Lambert chart. — A very close approximation to the 
great circle course may be found by drawing a straight line between 
the two points on a Lambert conf ormal chart. The use of the Lam- 
bert chart permits more convenient measurement of course, dis- 
tance, and coordinates of points than on the gnomonic chart. 



268 



-oogle 



Original from 



vjd^vvxi'^ UNIVERSITY OF CALIFORNIA 



TK 1-305 
188 



AIB CX)BFS 



Section X 



RADIO NAVIGATION AS APPLIED BY PRECISION 



198. General. — a. The chief point of difference between the pilot- 
navigator and the navigator, insofar as radio aids are involved, lies 
in the fact that the navigator makes far more frequent use of radio 
bearings. Whereas the pilot-navigator concerns himself principally 
with flying the radio beams and with "homing" by means of his 
radio compass, the navigator has the time and the equipment to 
employ radio bearings extensively. These bearings may be taken 
by means of the radio direction-finding equipment installed in the 
airplane or they may be taken by a radio direction-finder station 
on the ground. 

6. The use of radio bearings, as is the case with all radio aids, is 
limited only by the quality and range of the equipment (ground and 
air), the skill of the operator, and the availability of an adequate 
number of bearing stations. Although numerous ground trans- 
mitters and direction-finding stations are continuously available as 
navigational aids in peacetime, their operation in wartime will in 
all probability be considerably curtailed. This fact merits serious 
consideration by the military navigator and should have a profound 
effect upon the amount that he "leans" on radio aids in peacetime 
training. 

c. Due to certain inherent characteristics (see par, 199) of radio 
waves and to the design of present-day equipment, radio bearings 
over long distances have not attained the degree of accuracy regarded 
as compatible with the demands of precision navigation. This is 
true whether the bearings are taken from the aircraft or by surface 
direction-finder stations. But what radio bearings lack in accuracy is 
partially offset by the ease and rapidity with which they may be 
taken. The greater the number of bearings taken, the more accurate 
is the resulting fix, 

d. The developments in radio are so rapid that no accurate predic- 
tion can be made of its future possibilities. Certainly the accuracy 
of bearings will improve with the development of better equipment. 
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Furthermore, tfie secrecy with which bearings may be taken will in 
all probability reach a high state of refinement. 

199. Characteristics of radio bearings. — a. Radio bearings, 
like visual and celestial bearings, follow the track of a great circle ; but 
the path of the radio wave may be refracted or reflected by storm 
areas, by mountains, by crossing alternate areas of land and water, 
and by what is known as night effect. The latter effect causes erratic 
readings of the bearing angle during the hours of twilight both at 
sunset and sunrise. Obviously, all of the foregoing factors influence 
the accuracy of a radio bearing, and the unfortunate part about it is 
that the amount these factors deflect the radio wave is uncertain due 
to the widely varying conditions which may prevail at the time the 
bearing is taken. 

6. Even if the radio wave is not deflected from the direct great 
circle path between the airplane and the bearing station, the bearing 
indicated on the azimuth scale of direction finding equipment is not 
the direct great circle bearing because the radio wave is distorted 
by the mass of metal surrounding the radio direction finding equip- 
ment. This distortion occurs whether the bearing is taken by the 
airplane or by the ground station. The amount of this distortion 
is determinate, and the process of finding the deviations is known 
as ^^calibrating the radio compass." Calibration is described in detail 
in paragraph 201<?. 

c. After the deviation of the radio compass has been taken into 
account and an additional correction applied to permit plotting on 
the particular projection being used (par. 204), radio bearings are 
plotted in exactly the same manner as visual bearings. Like visual 
bearings, the accuracy of a fix can be improved by taking bearings on 
more than two stations. Running fixes are made in the same manner 
as described in section VI. 

200. Principle of radio direction finder (BDF). — a. Radio 
direction finders depend on the directional characteristics of a loop 
antenna. When the plane of the loop is turned perpendicular to 
the direction of the radio transmitter, little or no signal will be 
heard. This "null" may be determined aurally or by a visual indi- 
cator. Therefore, if an azimuth ring is attached to the loop, the 
direction from which a given signal is being received can be deter- 
mined by turning the loop until the point of minimmn signal strength 
is found. 

&. The loop antenna has a front and a back, and the null can be 
obtained with the azimuth scale in two positions 180^ opposed, de- 
pending upon whether the front or the back of the loop is facing the 
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transmitting station. In other words, a bearing is bilateral, its 
point of origin being somewhere on a line but possessing an ambi- 
guity of 180^. All current Army aircraft direction finder sets permit 
the navigator to make a bearing unilateral, i, e., to determine whether 
the fore bearing or back bearing is indicated on the azimuth scale. 
The means of determining the fore bearing varies with the design 
of the equipment, 

201. Aircraft radio compasses. — a. Defmition. — ^The RDF sets 
installed in aircraft are called radio compasses, although, in the strict 
sense of the word, the term applies to a compass with a fixed loop 
which requires that the entire airplane be pointed in the direction 
of the station if a bearing is taken. However, throughout this 
section, the term ^'radio compass" will be used when referring to the 
rotatable loop type. 

h. Types. — Radio compasses may be classified as automatic or 
manually operated. 

(1) The automatic radio compass is the type in which a motor 
driven loop automatically turns to a position perpendicular to the 
station as soon as the station is tuned. The design is such that the 
bearing is unilateral, the fore bearing being automatically indicated 
on the azimuth scale by a pointer. Hence, the navigator need not 
concern himself with the possibility of confusing the fore and back 
bearings. This type of compass is further distinguished by the 
fact that the azimuth scale may be set so that the pointer indicates 
true, instead of relative bearings. Only a few automatic compasses 
are currently installed in Army aircraft. 

(2) In the manually operated compass, the loop is set by rotating 
the yoke of the loop by hand or by a hand-operated crardi. There 
are two general types of manually operated compasses. 

(a) The type installed in most Army aircraft has a visual indica- 
tor which indicates sensings only. The indicator serves a dual pur- 
pose; first, it indicates to which side of the fore-aft axis of the 
airplane the station lies; second, it indicates whether the fore or back 
bearing has been taken (see d{Z) below). The bearing of the sta- 
tion is indicated by a fixed lubber line over a rotating azimuth scale 
graduated from to 360^ which moves with the loop. The lubber 
line is parallel to the fore-aft axis of the airplane. Therefore, rela- 
tive bearings are indicated on the scale. Since this compass is the 
type in current use, subsequent paragraphs pertaining to calibration 
and taking of bearings assume that this type compass is installed 
in the airplane. 
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(6) The second type of manually operated compass is very similar 
to the automatic type in that a pointer on the azimuth scale indicates 
the bearing of the station when the loop is in the null position. As 
in the automatic type, the azimuth scale may be set so that the pointer 
indicates true instead of relative bearings. Since the loop does not 
automatically seek the null position, a visual indicator is installed 
so that the navigator can see when the loop is in the null position 
and can obtain a sensing as to whether the front or back of the loop 
is facing the station. 

c. C calibration. — (1) As has already been stated, the mass of metal 
of the aircraft distorts the radio wave in the vicinity of the aircraft 




FiQUBE 126. — Deviation effect of mass metal of airplane. 

and, consequently, an erroneous bearing may be indicated on the 
azimuth scale. Deviations of bearings taken on stations bearing fore 
and aft and directly abeam of the aircraft are usually ^all, but they 
may be of the order of 15*^ on stations bearing to the quarter of the 
head or tail. (See fig. 126.) It is essential that the loop be carefully 
calibrated in order to obtain accurate bearings. 

(2) Any one of several procedures may be used in calibrating. At 
first glance it would appear that an air procedure would be superior to 
a ground method because in flight the loop is in flying position, land 
effect is minimized, and the airplane is definitely remote from any 
exterior mass of metal. However, ground and air procedures have 
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resulted in nearly identical indications. Whether the two procedures 
will continue to give the same results with the equipment of the future 
is problematical. One type of air calibration procedure is described 
in (3) below. 

(3) (a) The procedure for calibrating the loop consists of taking a 
series of bearings from over a given point on a radio station whose 
bearing from tdie given point is known. Each reading of the compass 
loop is compared with the relative bearing found from the true head- 
ing of the aircraft on that run and the true bearing of the radio sta- 
tion from the given point. A deviation curve is drawn from this 
comparison. 

(b) Eef erring to figure 127, let -ff be a given radio station whose true 
bearing from point A is known, and let AH be any true heading of the 
aircraft as it passes over point A. Then angle NAB will be the true 
bearing of B from -4, angle HAB (clockwise from HA) will be the 
relative bearing of B from the airplane. Then angle HAB (clock- 
wise) =360°- (angle iV^£r-angleiV^4-ff), or cor- 
rect relative bearing =860°+ true bearing— true 
heading. If the true heading is less than the true 
bearing, 360° need not be added to the true bear- 
ing in order to subtract. 

(c) If, at the instant of passing over point Aj 
^ a radio bearing is taken on B with the loop, the 

PiGuBB 127 — caiibra- deviation of the loop on that bearing is the differ- 
tion of radio compaBs. eucc between the relative bearing found above 

and the reading of the azimuth ring of the loop. 
The sign of the deviation correction is plus when the azimuth reading 
of the loop is less than the relative bearing, and minus when the read- 
ing is greater than the relative bearing. 

(d) Readings should be taken in this manner at 10° or 15° inter- 
vals of azimuth around the loop, at the same time taking the mag- 
netic compass reading on each heading in order to find the true 
heading of each run. These values should be tabulated ; and for each 
run the true heading of the airplane, the relative bearing of the 
radio station, and the deviation of the loop computed. Then, by 
plotting the deviations thus found against the azimuth readings of 
the loop, the deviation curve can be drawn. A typical curve is shown 
in figure 128. Obviously, the deviations of the magnetic compass 
must be accurately known in order to get accurate results from the 
foregoing procedure. This constitutes one of the primary disadvan- 
tages of this type of air procedure. 

(4) The radio compass should be calibrated on a frequency as 
near as possible to the frequencies which will be used in taking bear- 
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ings. For example, a calibration made on a frequency about midway 
through the range of frequencies covered by the radio range beacons 
in the United States (about 800 kc) could be used for bearings on 
aU radio range stations and also on the marine radio beacon stations. 
For commercial broadcast stations another calibration should be 
made. 

(5) Once the radio compass of an aircraft has been calibrated, the 
deviation curve will usually serve for all aircraft of the same type 
which contain the identical compass. 

(6) Many of Hie newer types of compasses are designed to permit 
incorporation of the deviation corrections into the azimuth scale. 
The bearing corrected for deviation may be read directly from the 
scale, no computation being necessary. The mechanical means by which 
the deviation curve is attached to or incorporated in the azimuth scale 
varies with the design of the compass. Obviously, an azimuth scale 
adjusted to apply compass deviation automatically will give corrected 
bearings only when bearings are taken on stations whose frequencies 
lie within the frequency band for which the deviations are known to 
be accurate. 

d. To take and plot a radio hecBring. — ^The following procedure 
applies when using compasses of the type referred to in paragraph 2016 
(2) (a). A work form similar to that shown in figure 129 will be 
found convenient. Certain steps of the following procedure are auto- 
matically accounted for in the latest compasses. 

(1) Tune a station whose location is known. Identify it aurally. 

(2) Place loop so that azimuth scale reads zero (360°). 

(8) Note the direction of deflection of the visual indicator. Then 
rotate the loop as follows : If the deflection of the needle on the visual 
indicator is to the right of zero, rotate the loop clockwise until the 
pointer moves to the center mark ; if to the left, rotate the loop counter- 
clockwise until the pointer is centered. When the pointer is centered, 
the indicated relative radio bearing appears under the lubber line on 
the azimuth scale. 

(4) Read and record the time, indicated relative radio bearing, and 
true heading of aircraft. 

(6) Apply radio compass deviation (from curve) to obtain the 
corrected relative radio bearing. 

(6) Add the true heading of the aircraft to the corrected relative 
radio bearing to obtain the true radio bearing of the station from 
the airplane. 

(7) If plotting is to be done on a Mercator chart, apply the Merca- 
tor correction (par, 204) , thus obtaining the rhumb line bearing of the 
station from the airplane. 
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(8) Add or subtract 180® (whichever is convenient) to obtain the 
true bearing of the airplane from the station* 

(9) Plot line of position on the chart by laying off the bearing 
from the transmitting towers of station. The bearing is plotted as 
described in section VI. 

e. Accuracy of radio compass hearings. — (1) Bearings obtained by 
aircraft radio compasses are subject to the vagaries of radio waves 
described in paragraph 199, An additional source of error may be 
found in the radio compass deviation curve. It has been said that 
the compass deviation changes with the frequency of the incoming 
wave. It is manifestly impractical to construct deviation curves for 
more than a few commonly used frequencies. Furthermore, in 
rough air an airplane is a relatively unsteady platform. If the head- 
ing of the aircraft is different from what the navigator believes it to 
be, the error is carried through when making the computations for 
plotting the line of position. Also, interstation interference is fre- 
quently responsible for many false bearings. 

(2) It has been found that bearings taken on radio range beacons 
are more accurate than those taken on broadcasting stations. Radio 
bearings on the old "loop" type radio range beacons are difficult to 
obtain due to the oscillations they cause in the visual indicator. Most 
of the loop beacons have been replaced by "simultaneous" range 
beacons which do not create oscillations of the needle. The power as 
well as the location of stations should be considered when selecting 
bearing stations. Other things being equal, bearings should be taken 
on the more powerful stations. 

(3) Under the best conditions radio bearings taken with present- 
day compasses must be regarded as likely to have an error of ± 2* or 
8^. Under adverse conditions the error may be greater. 

202. Marine radio beacons. — a. Marine radio beacons have been 
established along coast lines to serve as bearing stations for the direc- 
tion finders installed in surface craft. They may be used by aircraft 
equally as well. These beacons should not be confused with the radio 
range beacons located along the airways. Marine beacons are not 
directional. They simply transmit a definite signal upon which an 
airplane's radio compass may be tuned. 

&. The United States and Canada have a coordinated system of 
radio beacon operation in which all radio beacons are assigned group 
frequencies and definite operating periods. In fog all station groups 
transmit continuously, each station in rotation and on its assigned 
minute. In clear weather, station groups operate for one or two 
10-minute periods per hour. 

c. Complete information on radio beacons may be found in H. 0. 205. 
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203. Badio direction-finder stations. — a. General. — ^At the pres- 
ent time there are few ground DF stations except those established 
primarily to take and report bearings to surface craft, although they 
may be used by aircraft with equal facility. These stations are located 
along shore lines and on islands over most of the world. In addition 
to taking bearings, the RDF stations of the United States will transmit 
their call signals upon the request of ships and aircraft desiring to use 
them as radio beaconsl ^ Detailed procedure for <rfrtaining bearings 
from shore stations is given in H. O. 206 together with a list of direc- 
tion finding stations with their frequencies, call letters, hours of oper- 
ation, and geographical positions. Since the DF stations are not used 
with great frequency by Army aircraft, the radio operator may not be 
any too familiar with the correct procedure in requesting a bearing. 
It behooves the navigator to assure himself that the operator knows 
the procedure in advance of any contemplated use. 

J. Secrecy. — Since there is no necessity for DF stations to transmit 
except to report bearings, greater secrecy may be attained by using 
DF stations, tiian by using radio beacons which must operate con- 
tinuously to be of much service. The airplane need only send out 
the request to the surface DF stations and hold down the key long 
enough for the DF station to get the bearing. In view of the short 
period of transmission required to report the bearing to the airplane, 
it is extremely unlikely that any hostile goniometer station 'will pick 
up the signals. 

(?. Accuracy of bearings. — (1) The bearings taken by surface direc- 
tion finders are generally more accurate than those taken by aircraft, 
first, because the bearings are taken from a rigid platform, and, second, 
because the deviations of the compass are generally more accurately 
determined. The bearings taken by radio direction-finder stations 
and reported by them to aircraft are corrected for all determinable 
errors except the difference between a great circle track and a rhumb 
line (par. 204), and are normally accurate within 2^ for distances 
under 150 miles. 

(2) Each direction-finder station has a sector about its receiving 
loop, usually seaward from the station, in which the deviation of radio 
bearings has been determined by calibration. Bearings which do not 
fall within the calibrated sector should be regarded as unreliable. 

(3) The best bearings can be taken on aircraft whose signals are 
steady, clear, strong, and accurately tuned to the proper frequency. 

(4) When the bearing lies obliquely along a shore line or crosses 
intervening areas of high ground it may be in error by 5° or more. 
Direction-finder stations know in which sectors such errors are found, 
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and these sectors are not included in the calibrated sector or are called 
sectors of uncertain calibration. 

(6) When radio bearings are reported by direction-finder stations 
as doubtful, approximate, second class, or the equivalent, they should 
be considered unreliable and used with caution. 

rf. Correction of hearings. — ^Although most surface DF sets are 
equipped with sensing indicators which eliminate the hazards of 
transmitting the back bearing by mistake, some of the older appa- 
ratuses do not enable the operator to make the bearing unilateral. 
If it becomes apparent to the navigator that the DF station has 
reported the back bearing, he must call for the correct bearing instead 
of applying 180^ to the bearing given because the deviations on 
reciprocal bearings may differ widely. 

e. Plotting of hearings. — ^Bearings taken by RDF stations must 
be plotted from the position of the receiving loop of the RDF station. 

204. Converting radio 



the bearing may be plotted as a straight line without appreciable 
error. One precaution must be taken. The meridians on the Lam- 
bert conformal conic projection converge. Because of this, an error 
will be introduced if the reciprocal of a bearing taken by an aircraft 
is laid off with a protractor orientated on the meridian through the 
bearing station. This error is illustrated in figure 180 where obviously 
angle B does not equal angle A + 180°. The error may be eliminated 
by measuring the convergence of the meridian through the aircraft's 
DR position and that through the station and applying the necessary 
angular correction. However, the bearing angle at the station may 
be plotted with sufficient accuracy by alining the protractor "by eye" 
so that its zero line is parallel to the meridian through the DR position 




bearing. — a. Gnomonic 
chart. — ^The track of a radio 
bearing is a great circle and wOl 
appear as a straight line on a 
gnomonic chart. The great 
disadvantage to plotting the 
bearing on a gnomonic chart is 
that a specially graduated pro- 
tractor is necessary for each 
bearing station. (See par. 123.) 



Figure 130. — Radio bearing line on 
Lambert chart. 



h. Lambert chart. — ^The char- 
acteristics of the Lambert con- 
formal projection are such that 
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of the aircraft. This error does not occur when a bearing taken by a 
ground DF station is plotted on the Lambert chart. 

G. Mercaior hearings— {1) Rules. — ^When plotting radio bearings 
on a Mercator chart they must first be converted to rhumb line bear- 
ings. No serious error will result if short bearings lines are plotted as 
straight without converting. However, it should be remembered that 
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OORRECnOK TO APPLIED TO MDIO BBARIN&S TAKEN BY AM AlBCBAFT 
In North latlttiA*; In South latltuds; 

Plont SE«t of Station Add Corrootlott 



Piano last of Station Suhtreot 
Correotion 

Plana Vast of station i*4d Corrootlon 



Ptaia Woiit of Station Subtract 
Correction 



FiGUBS 131. — Radio bearing conversion table. 

the divergence between the rhumb line and the great circle arc be- 
tween two points varies with the midlatitude and the difference in 
longitude. The great circle bearing is converted to a rhumb line by 
means of the radio bearing conversion table shown in figure 131, The 
table is entered with difference of longitude and middle latitude as 
arguments, and the correction is applied to the radio bearing to obtain 
the Mercator bearing, 
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(a) When tiie bearings are taken by a shore station and reported to 
the aircraft the following rules apply : 

1. In north latitude when the aircraft is 7 of the station 

west 

X- • added 
the correction is 



subtracted 

^. In south latitude when the aircraft is of the station the 

west 

^. . subtracted 
correction is 



added 

(ft) When the bearings are taken by the aircraft the following rules 

apply: | 

• • east 

1. In north latitude when the aircraft is of the station the 

west 

. subtracted 
correction is 



added 

east 

2. In south latitude when the aircraft is 7 of the station the 

west 

added 

correction is 



subtracted 

{c) The above rules can be deduced by remembering that the great 
circle always lies on the polar side of the rhumb line- Figure 132 
shows a great circle and a rhumb line bearing in north latitude on a 

Mercator chart. The aircraft A 
is east of the station S. Then 
angle h will be the true bearing 
of A from and angle 6' will 
be the Mercator bearing of A 
from S ; angle a will be the true 
bearing of S from and angle 
will be the Mercator bearing 
of S from A. It can be seen that 

FIGURE 132.-True and Mercator bearings. ^he Correction mUSt be added tO 

^ the great circle bearing taken by 

the RDF station to obtain the Mercator bearing of A from S\ and 
that the correction must be subtracted from the great circle bearing 
taken by the aircraft to obtain the Mercator bearing of S from A, 
Also it is obvious that 180^ must be applied to the Mercator bearing 
of S from A in order to plot the bearing from 8. 

(2) Example. — ^An aircraft whose DR position is Lat. 88^03' N- 
Long, se^'OO' W. and flying on a true heading of 240** takes a relative 
radio bearing on Bar Harbor Station, Lat. 44^19' N., Long. GS'^ll' W. 
The relative radio bearing measures 60^. To find the Mercator bear- 
ing of the aircraft from Bar Harbor Station : 




276 



-oogle 



Original from 



vjd^vvxi'^ UNIVERSITY OF CALIFORNIA 



AIR NAVIGATION 



TM 1-205 
204 



Middle latitude =41° 11' N.; difference of longitude =12,2° W. 

Enter table with middle latitude 41° and DLo 12.2°. The correc- 
tion is found to be 4.1°. Since the aircraft is in north latitude and to 
the east of the station the correction is subtracted and in this case 
becomes —4.1°. 

Indicated relative radio bearing ^ 60° 

Radio compass deviation (from curve) +7^ 



Corrected relative radio bearing 67° 

True heading of airplane 240° 



True radio bearing of station from plane 307° 

Mercator correction —4.1° 



Mercator bearing of station -from plane 302. 9° 

— 180° for reciprocal bearing —180. 



Mercator bearing of plane from station 122. 9° 
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NOMENCLATUKE OF AIR NAVIGATION 



Air navigation. — ^The art of determining the geographical position, 
and maintaining desired direction, of an aircraft relative to the 
earth's surface by means of pilotage, dead reckoning, celestial ob- 
servations, or radio aids. 

Note. — The term "avigation" has heen suggested but Is considered unnecessary 
and undesirable. 

Air speed. — ^The true speed of an aircraft relative to the air. It is the 
true air speed unless otherwise stated. Air speed is obtained by 
correcting the calibrated air speed for density, using temperature 
and pressure altitude corrections. 
Indicated air speed. — ^The reading of the air speed indicator. 
Galihrated air speed. — The reading of the air speed indicator, cor- 
rected for instrumental and installation errors. 
Aircraft ruivigational computer (celestial). — ^A device for solving the 
astronomical triangle which may or may not contain means for 
observing the altitude of celestial bodies. 
Aircraft navigational computer (D. K.). — ^A device for computing 
speed, time, distance, true air speed, wind correction, ground speed, 
altimeter correction, etc. 
Aircraft plotter. — ^A device for plotting tracks, headings, position lines, 

or bearings on a chart. 
Altimeter. — ^An instrument that measures the height of an aircraft 
above a given datum plane. Unless otherwise designated, it is taken 
to be barometric. 

Sonic altimeter. — An altimeter utilizing sound waves. 
Radio altimeter. — ^An altimeter utilizing radio waves. 
Altimeter setting. — The existing station pressure reduced to sea level 
in accordance with the U. S. standard atmosphere. Altimeter set- 
ting is also the standard atmosphere pressure corresponding to pres- 
sure altitude variation. 
Altitvde. — The true height above sea level. The calibrated altitude 
corrected for air temperature and for barometric pressure. It is 
always true unless otherwise designated. 

Indicated altitvde. — The height above sea level as read on the 
altimeter. 

Galihrated altitude. — The indicated altitude corrected for instru- 
mental and installation errors. 
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Indicated absolute altiPude. — ^The height above the earth's surface 
read on the altuneter when set to read altitude above the earth's 
surface. 

Calibrated absolute altitude. — ^The indicated absolute altitude cor- 
rected for instrumental and installation errors. 

Absolute altitude. — ^The true height above the earth's surface. It 
is the calibrated absolute altitude corrected for air temperatufe 
and barometric pressure. 

Indicated pressure cdtitude. — ^The reading of the altimeter when 
the correction table is set to read zero feet or 29.d2 inches of 
mercury. 

Pressure altitude. — ^The indicated pressure altitude corrected for 
instrumental and installation errors. 
Azimuth (Z.) — The bearing of a celestial body measured as an arc 
on the horizon from the true meridian north or south to the east or 
west. Abbreviation Zn is used where the azimuth has been changed 
to read from the north through east to 360^. 
Bearing (B.) — ^The direction of one object from another, expressed as 
an angle measured clockwise from true north. JBearing is true unless 
otherwise designated. 
Magnetic beanring. — Bearing (true) with variation applied. 
Compass bearing. — ^The magnetic bearing with deviation ap- 
plied. 

Relative bearing. — ^The direction of an object expressed as an 
angle measured clockwise from the heading of an aircraft. 
Celestial navigation. — ^The method of detenmning the ^eogn^hical 

position of an aircraft by observation of celestial objects. 
Compass. — ^An instrument indicating the angle of the longitudinal 
axis of the aircraft with respect to the axis of the compass needle. 
Taken to be a magnetic compass unless otherwise designated. 
Aperiodic compass. — cardless magnetic compass in which the 
needle when deflected from its point of rest returns to that 
point with small overswing. 
Radio direction fmder (R. D. F.). — ^A device for indicating the 
direction of a transmitting station. The term "radio compass" 
has been incorrectly used for this device. 
Compass error (C. E.). — ^The algebraic sum of the variation and 
deviation. 

Compass compensaMon. — ^A practical method of applying magnets or 
other correctors to neutralize the magnetic forces exerted (m the 
compass by the aircraft structure and equipment. 

Compass rose. — A small circle, graduated in degrees (0 to 36ft), 
placed on maps or charts as a reference to directions true or mag- 
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netic. Also used to designate the graduated circle used as a base for 

ground compass swinging. 
Compass swinging. — ^The process of determining the deviation of the 

magnetic compass. 
Course (C.) . — ^The direction over the surface of the earth, expressed as 

an angle, with respect to true north, that an aircraft is intended 

to be flown. It is the course laid out on the chart or map and is 

always the true course unless otherwise designated. All courses 

are measured from north through east to 360^. 
Magnetic course (M. C.) . — The course true, with variation applied. 
Compass course (C. C). — The magnetic course with deviation 



Course made good. — ^The resultant true direction the aircraft bears 
from the point of departure. 
Dead reckoning (D. R.), — ^The method of determining the geographi- 
cal position of an aircraft by applying the track and ground speed 
as estimated or calculated over a certain period of time from the 
point of departure or from the last known position. D. R. position 
is indicated by an X. 
Departure (Dep.). — The linear measure in nautical miles of an arc of 
a parallel. Departure is also the distance to the eastward or west- 
ward made good by an airplane flying from one point to another. 
Departure^ point of. — ^A specified position from which the course or 

track of^tbe airplane is commenced. 
Deviation. — ^The angular error between the axis of the compass needle 
and the magnetic meridian caused by magnetic influences in the 
aircraft. It is named east or west according to the direction in 
which the needle is deflected. 
Distance, — ^The number of miles between any two points. Distance 
may be expressed as statute or nautical miles. A statute mile is an 
arbitrary measurement and is equal to 6,280 feet. A nautical mile 
is the length of 1 minute of latitude and for practical purposes is 
taken as 6,080 feet. 

Great circle distofrwe. — ^The length of the great circle arc joining 
two points. 

Rhurrib line or Mercator distcmce. — ^The length of the rhumb line 

course between two points. 
Airway distance. — The length of the rhumb line course between 
two points, which is flown with due regard to airway aids and 
regulations, existing equipment, and known hazards. 
Double drift. — ^A method of determining the force and direction 
of the wind by observing the drift angle on each of two or more 
headings at a known air speed ; sometimes referred to as the multiple 
heading drift method. 
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Drift. — ^The angle between the heading and the track. Named right 

or left according to the way the aircraft is drifted. 
Drift correction. — ^The angle added to or subtracted from an aircraft's 

course (true) to obtain heading. In case of a right drift the 

angle is subtracted from the course to obtain the heading, and in 

case of a left drift it is added. 
Drift float. — An article or substance dropped from an aircraft over 

water, forming a point of reference for observing the drift angle 

or the surface wind direction. 
Estimated time of arrival (E. T. A.). — ^The computed time that an 

aircraft will reach its destination or turning point. 
Fix. — The intersection of two or more lines of position or bearings. 

A fix is indicated on a map or chart by a dot or cross centered in a 

circle. 

Great circle. — ^A circle on the earth's surface whose plane passes 

through the center of the earth. 
Great circle course. — ^The route between any two places along the 

circumference of the great circle which joins them* It is the 

shortest distance between two points over the surface of the 

earth. 

Ground speed. — ^Actual speed relative to the earth's surface. 

Ground speed meter. — ^An instrument for determining ground speed. 

Heading, — ^The angular direction of the longitudinal axis of the 
aircraft with respect to true north. In other words it is the course 
with the drift correction applied. It is true heading unless other- 
wise designated. 
Magnetic heading. — Heading with variation applied. 
Compass heading. — Magnetic heading with deviation applied. 

Intercept heaHng. — The bearing that must be maintained in order to 
intercept another moving object. 

Intercept heading. — ^The direction of the longitudinal axis of an air- 
craft to make good a given intercept course. 

Intercept track. — The track flown by an aircraft over the earth's surface 
from a known position to a moving object. 

Intercept speed. — The rate at which the distance between two moving 
objects is being reduced. 

Knot. — ^The unit of speed used in navigation, and equal to a speed of 
1 nautical mile per hour. (It is equivalent to 1.15 statute miles per 
hour.) 

Latitude (Lat.). — The angular distance north or south of the Equator 
as subtended at the center of the earth measured from the Equator as 
a plane of origin. 
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Line of position. — line on which the aircraft is observed to be. The 
intersection of two lines of position determines a fix. 

Log. — written record of computed or observed navigational record. 

LongiPude (Long.). — ^The angular distance at the axis of the earth be- 
tween the plane of a meridian and the plane of the prime meridian 
of Greenwich, England, measured to the eastward or westward to 



Lubber line. — ^A prominent fixed line on the aircraft compass, drift 

sight, directional gyro, pelorus, and radio direction finder loop, 

oriented parallel with the aircraft's longitudinal axis to furnish a 

reference point to indicate a heading or bearing. 
UercatoT cowrse (rhumb line). — ^A line on the earth's surface which 

intercepts all meridians at the same angle. 
Nmigational plot. — ^A diagram such as is used in navigation chart 

work in which lines indicate, by their direction and length, courses 

and distances made good over the ground. 
No'drift position. — ^The position in which the aircraft would be at a 

given time, if there were no wind. 
Off'Coy/rse correction. — ^An angular correction applied to the course to 

parallel or to return to the original course in a given distance. 
PeloruB. — A circular bearing plate graduated in degrees, mounted so 

that it lies horizontally, and provided with sighting means, which 

when oriented may be used to determine true or relative directions 

of objects. 

PUotage. — ^The method of conducting an aircraft from one point to 
another by observation of landmarks either previously known or 
recognized from a map. 

Point of interception. — ^The place where two moving objects make 
contact, having flown intercept tracks. 

Presmre: 

Field elevation pressure. — ^The existing atmospheric pressure at 
a point 10 feet above the mean elevation of the runway. It is 
obtained by applying a suitable correction to the station pres- 
sure. It is assumed that the altimeter in an airplane is 10 feet 
higher than the landing surface. 
Station pressure. — ^The existing atmospheric pressure at the eleva- 
tion of the mercurial barometer located in the weather station. 
Radio navigation. — The method of conducting an aircraft from one 
point to another by radio aids, such as the radio beacon, radio-direc- 
tion finder, or radioed bearings. 
Radvas of action. — The distance an aircraft can fly before returning 

to a base, with a designated margin of fuel and oil. 
Relative vnnd. — ^The force and direction of the wind with respect to 
any moving object. 
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Sextomi;: 



Bubble sextant. — ^Any instrument used to measure the vertical 
angle of celestial bodies from a bubble horizon. 

Marine sextant. — ^An instrument used to measure the vertical 
angle of celestial bodies from the natural horizon, or to measui^e 
the horizontal angles between terrestrial objects. 
Temperature: 

Air temperature. — ^Temperature of the air at the altitude being 

maintained by an aircraft. 
Oround temperature. — ^The temperature of the air at a ground 



Mean temperature. — The mean between the ground and air tem- 
peratures, used in correcting altimeter readings. 

Track. — ^Actual path of an aircraft over the surface of the earth. 
Track is the path that has been flown. Course (true) is the path 
intended to be flown. 

Variation (Var.). — ^The angle between the plane of the true meridian 
and a line passing through a freely suspended compass needle influ- 
enced solely by the earth's magnetism. It is named east or west ac- 
cording to the direction of the compass needle from true north. 
Variation changes with time and place. 

Wind angle (from course) . — ^The angular difference between the course 
(true) of an aircraft and the wind direction, measured to the right 
or left of the aircraft's course to the direction from which the wind 
blows. The wind angle never exceeds 180*^. 

Wind angle (from heading) . — The angular difference between the true 
heading of an aircraft and the wind direction, measured clockwise 
from the heading to the direction from which the wind blows. This 
wind angle may be any number of degrees from to 360. This 
definition applies when making double drift turns from heading. 

Wimd direction and force. — The wind is designated by the direction 
from which it blows. The force of the wind is expressed as the 
speed in miles per hour or knots. 

Wind star. — ^A solution for the force and direction of the wind by the 
double drift method. 
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Bt order of the Secretary of War : 
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Official : 

E. S. ADAMS, 

Major General^ 
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